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PART I 
INTRODUCTION 
An examination of our . know le<lge_ of the-veg.etable tannins 
reveals a dearth of··exact chemt-cal data. · It was in the hope ·of 
clarifying· one corner of this very broad field that the present study 
of the chemistry of quebracho tannin was undertaken. 
·No extensive body of work on quebrachotannin is available; 
and much of-what is ·known-is of -doubtful value; at least as far as·· 
structure work-is concerned~ because of- the--questionable ·purity of 
the starting materials- -employed~ - Hence· one part of the-· present - · 
investigation was inherently exploratory~ The ·plan of attack could 
nat be predicted -or charted beforehand with exactitude. It was -· 
anticipated that much effort would be expended in developing ·puri-
fication techniques~ - Then, using the purified material containing -· 
a minimum number of components, a chemical attack on the struct ... 
ural problem would be carried out. Data, covering such items·as ele-
mentary analyses , molecular weights, solubilittes; analyses· for 
functionality , optical activities and so forth ·were to be ·c-ollected.· -· 
Such-chemica-t ·conversions as methylation, acetylation and oxidation 
were to be performed and the resulting products care-fully scrutinized. 
In this way, by collecting a body of facts about quebracho tannin, and 
by subjecting the data to analysis ~ a structure , or at least a molecular 
formula , was to be developed. 
· The work actually performed followed more or less the 
tentative plan. A major component of quebracho was isolated in 
what was considered a pure (or almost pure) state, and this material 
was subjected to extensive experii~entation~ A body of information 
was gathered concerning not only the original component, but also 
several of its derivatives and degradation products. 
An attempt was made with some measure of success to relate 
the data so obtained to molecular formulas. It will be seen that the 
formulas so developed constitute an internally consistent framework 
onto which most of the data may be fitted. It will be evident, however, 
that not all of the observations made are accomodated b~ the proposed 
formulas . Nor is it possible at this time to propose--more than specu-
lative str..uctiit.es .for queoracho, basing· the sj>eculatiori in part on the 
results of earlier investigators , Thus, even 
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after the present extensive research, the problem of the final 
structure of quebracho has not been solved . . As the result of this 
.w.ork, however, mu.ch more is ~own about the main component of 
quebracho than ever before. A:~~ge body of fa.cts are now available 
which are trustworthy and which,will be of enormous assistance in 
future work in this field. · 
Before discussing the experiments on quebracho it would seem 
appropriate to present a survey, necessarily far from complete, of 
our knowledge of the tannins and of tanning, 
- 2-
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PART II 
BACKGROUND MATERIAL 
A. HISTORICAL 
The origin of tanning is lost in antiquity. The earliest references 
now available on the treatment of animal skins do not refer to their 
tannag~ but to the preparation of parchment , although tanning is a much 
older process. It appears that parchment, which is a prepared animal 
skin, may have been known a;; early as 600 B.C., and that by 150 A.D. , 
it was rapidly displa.cing papyrus as a writing surface . The Greeks 
were thoroughly familiar with tanning processes and the .Greek word 
"burseus" means "tanner" and is derived from "bursa" meaning "hide". 
Early accounts relating to tannins deal not with their use as 
tannins ~ but rather with their medicinal propertiesand their use in 
inks. A large number of plant decoctions were described as astringent, 
sour, or bitter , a general property of tannins. Philo, (102) about 200 B.C., 
described ink prepared from galls and iron. 
About 1660 the first scientific paper on tanning , "Oak Prepared 
for Tanning" appeared in the "Philosophical Transactions of the Royal 
Society". (94) At the same time Tachenius (98) discussed his experi-
ments on concentrating the "Alcaly of Galls" in which he found that an 
oun.ce of concentrate was more powerful than a pound of the original 
preparation. .In 1763 Lewis (45) extracted an astringent substance whose 
properties of forming a black color with iron salts, of contracting 
animal fiber and of tanning skins all appeared to be related. 
Diverse mater ials and preparations were found to act as tannins. 
For example, Resch (79) in 1801 tanned with a mixture of oak bark and 
peat. Ashmore in 1833 claimed to have tanned with lime and tar . 
Jennings (40) in 1858 used the nitric acid extract of peat for tanning. 
In 1866 Skey (95) did the same with lignite and obtained a water soluble 
gelatin precipitant. The ability to precipitate gelatin in the presence 
of sodium chloride is characteristic of tannins. 
Before proceeding to a detailed consideration of the structure 
of tannins, the processes by which hide is transformed into leather 
will be reviewed. 
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Bo TRANSFORMATION 9F HIDE TO LEATHER 
When the skin is first obtained from the animal as raw hide it 
is treated to prevent putrefa.ction,-· In some instances in which de hydra~ 
tion ·wHl not ruin the skin ; this n·curing" may -be accomplished by -merely 
. drying ~ -In genera1 9 however 9 the skin is salted by soaking in strong 
.brine or a combination of salting and drying may ·be used, The · skin is 
sent to thetannery and soaked in water to -rehydrate it and remove dirt, 
It ·isthen unhairedbytreating with chemical solutions which-wiU·dis-
solve·the ·epidermis and remove skin fats or which·wnl·in general 
loosen· the attachment of the ha.ir in the hair follicles -so that it may be · 
mechanically removed, This is usually termed liming or sulfiding since 
calcium hydroxide or sodium sulfide is generally used. The latter is 
strong enough to dissolve· the hair itself and care must be taken if the 
hair is to be saved for further use . 
The skin is passed through unhairing machines which remove 
the loosem~d hai:t;> 9 loose flesh 9 muscle 9 and epidermis, The surface 
which c~t~ined 'lhe ·ha\r is termed the grain sic;ie.,. ,_ );.he surface which 
was next to the animal s body is termed the fleSh .,ide. The skin at 
this poi!lt is still highly swollen and shows a pH of 12-13. 
IIi 11,1.0dern processes the deliming and bating of the skin may 
be accompiished in one step. The bate consists of a proteolytic ·· -·· 
enzyme absorbed on wood flour or sawdust and added amro.onhim salts . 
. The· latter serves to remove much· of the lime by converting· it to, -_: · · · 
calcium·-chloride which washes out-with water 9 causing the s:kln· to -"fall" 
and lowering-the· pH to 8""9. · The ·so-called "fall" means thafthe swollen 
skin-has be-come flac-cid -and retains the· impression of the f~nge-rs When 
sq:ueezed-·and that the grain·has ·acquired a smooth feel. U hating is lo 
be-omitted the skins are immersed in an acid such as lactic untiffhe 
desired delim.ing is achieved, ' .. '· --·-· 
Hence the effect of bating is to change the skin from a swollen 
to a flaccid state 9 g)ve it a smooth feel and make it air permeable. 
Bating times vary from forty -.five minutes to several hours depending 
_on the type skin. 
Althoug,h a large amount of study has been ··given to the i~vestf­
g_ation of the bating process 9 yet the ·actual effect remains·unknqwn ~ ··· · 
Bating has been thought to affect skin· cotlagen 9 elastin·; ·reticulin, 
keratinous ·material and· coagulable proteins, but furt~er ~o:t:k, _l}~s _., " 
contradicted each of these possibilities. 
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Mter bating 9 the skin is tanned in liquors which are initially 
weak and are constantly increased in strength over a period of weeks 
or months. The tanning liquor is an aqueous solution of one or seve~al 
tanning extracts. These extracts are made from the bark~ wood, nuts, 
leaves, or roots of certain trees or plants. The initial tanning liquors 
must be weak otherwise the surface will be case hardened and the tan-
ning material will be unable to penetrate to the center of the skin thus 
leaving it untanned. Numerous factors are involved .in the tanning step 
including pH of the liquor and the hide 9 concentration of the liquor~ non-
tannins present 9 time 9 temperature 9 physical condition of the hide, and 
degree of subdivision of the tannin liquor constituents. 
Following the tanning step 9 the leather is oiled and stuffed with 
various fillers and fats which may include sulfated castor oil 9 corn sugar~ Epsom Salts 9 spruce extract9 mineral oil 9 etc . . Various finish-
ing steps including chemical and mechanical treatments are . then ap-
plied to complete the preparation of the vegetable tanned leather. 
C. TANNING DEFINED 
The word "tannin" means pulverised bark of the oak according 
to Boillot. (66) The origin of "tan" is unknown and _may be from the 
Germilll "Tanne" 9 a fir tr~e 9 or from the Gallic "Tionus" ~ a tannery . 
. As previously mentioned Seguin (93) discovered the gelatin 
precipitating property of tannin and even now this is given significance 
as a test for the tanning property of a substance despite the fact that as 
early as 1839 Mulder's (52) classical investigation of this property reveal-
ed eighteen non-tannins which were gelatin precipitants including gallic 
acid9 machurin9 phenol 9 catechol 9 phloroglucinol 9 protocatechuic acid9 
etc. 
When skin substance is treated with a tanning agent three effects 
are observed: 
1. The hot water shrinkage point is raised. 
2. The fibres do not mutually adhere when the water wet skin 
substance dries in air. 
3. The skin substance no longer putrefies under ordinary con-
ditions in air. 
Untanned skin has a shrinkage point of 60-65°C. It is thought 
that the fundamental structural material in the skin~ the collagen, 
shrinks 9 and is responsible for the general shrinkage of the whole skin . 
. Animal skins are believed to consist principally of collagen and this 
substance is presumed to be the same in many different skins although 
several collagens are recognized. Purified collagen in the form of 
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rattail or kangaroo tail tendon may be used for shrinkage point measure-
ments. Use of such materials tends to eliminate other extraneous factors 
such as elastic tissue which does not tan and would interfere with the test 
if not properly removed in the bating process. One might define tanning 
solely as the raising of the shrinkage point without reference to the ag-
glutination and putrefaction factors . A satisfactory leather could not be 
obtained, however 9 by neglecting the latter two items. 
The shrinkage point of a vegetable tanned sample is measured 
under a moderate stress in water by raising its temperature. Water 
is necessary for the test as dry heating of a dry sample merely chars 
the leather . Other hydrophilic liquids may be used but are apt to give 
variable results according to their solvent power or reactivity with the 
tanning agent. 
. Formaldehyde and certain other agents give a product having 
reversible shrinkage 9 i.e . 9 on lowering the temperature after shrinkage, 
. the hide recovers part or all of its original length. Vegetable tanning 
agents give leathers having irreversible shrinkage points. Their shrink-
age points usually lie in the range of 75-80°C. 
When ordinary wet skin is allowed to dry in air it results in a 
hard 9 horny9 semi-transparent product. When tanned9 however, it 
dries to a flexible product 9 the ordinary leather with which we are all 
familiar. The leather may be r ewet several times without harm. This 
caru'lot be repeated indefinitely however, since wetting and uncontrolled 
drying tends to cause migration of various materials to . the surface with 
resultant crusting and stiffening. Furthermore, repeated washing will 
result in detanning or gradual removal of thE;! tanning agent. This in-
dicates that tanning is an easily reversible process and there may be 
some connection between shrinkage and the detanning action of hot water. 
It is possible to dry untanned skin with a water miscible sol vent 
such as acetone 9 removing the free and perhaps some of the so-called 
"bound water'\ and thus leave the skin dry without the fibers adhering. 
Such a dried piece of skin is stable against putrefaction in air . The 
skin 9 however 9 is not tanned 9 for if it is wet and allowed to dry in air 
the usual hard 9 horny product given by untanned skin will be obtained. 
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It is possible to coat skin fibers by ·forming a resin in ·situ and 
thus prevent their ·cohesion and putrefaction, but this ·ts not tann!ng in 
the ord!nary sense, ·Resin tann~s in which the resm has chemical · -
groupings which actually combine with the collagen are well known and 
these are real tannageso 
Ordi.na.ry tanning agent$ provide .r~sif?ta,n~e to general putre- -
faction , This mea.Jlls that the skins will not decompose under ordinary 
atmospheric condiUonso This is a rather variable factor, however, - -
s!nce the tanning agent provides such resistance , but subsequent fillers 
used in the fAt li.quormg, oiling and stuffing of the leather are often ·great 
aids'to decomposii.Uon, These vary greatly hence no general statements 
may be made on thii.s score, _In addiU.ott ,~poisons are often used in the 
leather to stop putrefaction , especially when the leather is to be used 
in the tropics , -
Do CLASSIFICATION OF TANNINS 
There are various kii.nds of tanning processes such as vegetable 
tanning , chrome tannmg, formaldehyde tanning , oil tanning and synthetic 
tanni.ngo Chrome tanning is employed in the preparation of leather to be · 
used for shoe uppers whereas vegetable tanning is the method primarily 
used in the preparation of leather for shoe soles, - Formaldehyde tanning 
_gives a white leather suitable for gloves, Oil tanning is of importance 
in the preparation of furs, The synthetic tanning field has recently in-
creased in importance although its early development was quite graduaL 
It began in 1872 with von Ba.eyer •s observation that pyrogallol on treat-
ment with formaldehyde gave a product which precipitated gelatino 
Later , Stiasny (97) obtained a patent on a practical method for producing 
phenol formaldehyde type tanning materials in 191L Although synthetic 
products are now of great significance they still ,::\o not completely 
duplicate the mannfold desii.rable r esults obtainable by tanning with 
vegetable extractso Each is a vast Held in itself so the discuss.ion here 
will be restricted to vegetable tanniinso 
In 1854 Rochleder (81) pointed out the different colors given by 
tannins and their relation to the nucleus present m the moleculeo 
Hlasiwetz (34) used this for a classification of tannins into three groupso 
One group contained the pyrogallol nucleus and gave a blue color with 
iron salts, a second contained the catechol nucleus and gave a green 
color with iron, and the thiird group gave the red color shown by phoro-
g~uci.nol in the pinewood and hydrochloric acid tesL Etti (16) ~d 
Perkin (69) showed that tannins containing the phlorog,lucinol nucleus 
may give the catechol test and that both tannins and plant dyes often 
have the same nucleic Nierensteftn (54) showed that Quebracho 
.Colorado yields resorcfun.ol and protocatechuic acid on hydrolysis and 
,thus two color reacUons could be given by the same tannin, 
In 1918 Perkin and Everest (70) classified tannins into three 
groups: 
A. Depsides or gallotannins (Contain ester groups). 
B. Ellagitannins (Contain ellagic acid groups). 
C. Phlobatannins 
The behavior of each of these groups, which actually constitutes 
part of the criteria on which the classification depends, is as -
follows: (49) 
l. Wit,h Ferric chloride 
A. gives a blue color 
B. and-C. give a green color . 
2. With boHing dilute sulfuric acid 
A. gives gallic acid 
B. forms ellagic acid .. 
C. yields red phlobaphene pre~ipitate 
3 . With pine wood and hydrochloric acid 
A. and B. do not react 
C. gives the phloroglucinol reaction 
4. On alkaline fusion 
A. gives gallic acid and some pyrogallol · 
B. yields protocatechuic acid 
5. With formaldehyde and hydrochloric· acid 
A. and B. do not react 
C. is completely precipitated 
Freudenberg (22) then suggested a division of tannins into two 
main groups. The first two groups above he classified under one 
heading as hydrolysable tannins, i..e. ~ hydrolysable by acids and 
enzymes . 
. This classification has been foimd to include -depsldes, gallic 
and ellagic acid glucosides and several esters of phenolcarboxylic acids 
with sugars and alcohols. 
. ' 
The second divisipn includes ~-hpse not hydrblysable by acids 
and enzymes and are termed condens~'(i tannins. These. give the 
typical phlobaphene-reaction with dilute acid. T.his .~est consists of 
heating the tannin in a dilute acid solution where :upon an lnsol~ble 
red precipitate is formed. ; · 
E . THE VEGETABLE TANNINS 
Although vegetable tannins were used by the ancients it was 
comparatively recently that the first chemical information concerning 
their identity appeared. In 1787 Scheele (87) obtained gallic acid from 
fermented gall extracts ~ Kunsemuller (44) at the same time obtained 
it in crystalline form from oak galls. Several others worked on the 
problem at this time, but all except Deyeux (12) thought that gallic acid 
and gallotannin were identicaL In 1196 Seguin (93) reported that tanbark 
contained a water soluble gelatin pre~ipitant. In 1803 Davy (65) found 
the extracts of Aleppo galls to contain gallotannin, gallic acid, inorganic 
and nitrogenous by-products. He also found that a substance could be 
extracted from cutch ·which tanned skin. Cutch or mangrove is the 
extract obtained from the bark of several species of Rhizophora which 
grow in Borneo and other Asiatic countries. Long before in 1677 
Schrok (91) fol.md that . cutch solutions deposit a salt. This salt may have 
been catechin. Cate(:!hin is not a tannin .but yields a tannin by some still 
obscure change . Thus? by 1803 two of 1the three classes of tannins were 
under investigation;: namely, gallotannl,ns and condensed tannins. The 
third class, the ell~gic acid group, was 'discovered in 1815 when Chevreul 
(7) isolated a yellow substance from gallnuts which dissolved in nitric 
acid with a red color. Braconnot (3) discovered it independently in 1818 
and named it ellagic acid by inverting the French word "galle". Much 
later in 1845 Buchner (6) obtained ellagic acid from gallo-tannin and so 
established their relationship. 
In 1876 Lowe (47) claimed to have converted gallic acid into 
gallotannin by the use of arsenic acid. Schiff (88,90) prepared the 
same product in 1871 by another route but subsequent studies showed 
the syntheses to be uncertain. Much later Fischer and Bergmann (19) 
synt~esized perita -:.. m - digalloyl - -glucose and this was claimed to 
be an isomer of Chinese nutgall tannin. This was a great improvement 
over the synthesis of depsides (condensation products of hydro~y 
benzoic acids) by Klepl (42) who merely heated p-hydroxy benzoic acid,· 
as it enabled them to produce well defined structures. By their method 
triacetylgalloyl chloride f'as condensed with disodium 3? 5 diacetylgallate . 
. The mixture of acetylated depside and acid anhydride was separated with 
bicarbonate . On deacetylation and rearrangement m-digallic acid was 
formed. --Penta-apetyl rrt..;digalloyl chl9ride was condensed .with glucose 
by quinoline in ch~oroform ~d the product deacetylated. Unfortunately, ) 
depsides are not the pri.n~ip:;tl ma.ter~~.l~ .used in vegetable tannages so_ 
that this still left the main field upe~plo~ed, and the work of Nierenstein 
cast much doubt 'gn the sigp.ifi~ap.ce o( ,the r:esu1ts. 
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Schiff (89) sugg~sted the correct formula for eUagic add in 
18'79 ·which was confirmed in 1905 by Perkin and ·Nierenstein ('12) who 
formed it by oxidising gallic acid in ·ac.id solution~· Numerous other 
hydroxy benzoic acid derivatives were also prepared. 
Early in the twentieth century the structure of the third 
important class ·of tannins, the condensed type, was obscure~ . A 
start had been made in the investigation of catechin and._ tnis .w.ill be. . 
dealt with in detail subse·quently. It is significant that even now this 
most important class of materials remains an open field for fruitful 
study. 
1. GALLOTANNIN 
Gallotannin is obtained principally from gallnuts although it 
has been found in a great many plants. It is classed as a hydrolysable 
tannin because treatment with dilute acid or alkali yields gallic acid. 
Early workers with g~llatannin failed to give sufficient attention to pur-
ification and many reported constituents were later found to be impurities . 
. Gallotannin was reported to contain varyin_g quantities of glucose, analyses 
showing values from zero to more than 20%. Fischer (18) and others 
found that its acid hydrolyis yielded one molecule of glucose to ten of 
gallic acid. Fischer concluded that the substance · was penta m -dlgallayl 
glucose which he subsequently syntheslzed. The substance appeared 
qualitatively and quantitatively rather similar to the product obtainable 
from Chinese Nutgalls 1 but since both were amorphous the comparison 
was not too valid. Natural specimens seldom contain as much sugar as 
the formula requires but this was attributed to the fact that there is 
always some free sugar 1 gallic 1 digallic and ellag,ic acid present. The 
low sugar content was ca.lso bel~eved to be due to the ease of hydrolysis 
during purification. 
The present author feels that evidence brought forth by other 
workers casts a certain doubt on this subject of the actual structure 
of the depside type of tannins. In 1921 Nierenstein, Spiers and 
Geake (63) showed that methylated Gallotannin yields tetramethyl-
glucose which is given by Nierenstein as formula I, (58,p.l71) whereas 
Fischer •s synthetic pentagalloyl glucose (given as II) methylated with 
diazomethane gave glucose under the same conditions. From this it 
appears that in the gallotannin glucoside all the gallic acid residues 
are linked together and attached by one of them to carbon atom 
number one of glucose. There appears to be no basis for the 
furanoside structure and it may be !>Yranoside. 
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OH 
CHOCOOOB 
. OH 
OH 
CHOCOQOB , 
. OH 
·QH 
CHocoQj oa I OH 
CH 
Q H CHOCO H 
OH 
OH 
CHpC00B ~
II 
Much earlier in 1908 Nierenstein (56) had isolated leuco . 
digallic acid to which he assigned the rather unlikely hemiacetal 
type structure (IV) ~ and m- digallic acid (Ill) from gallotannin. 
·' HO _ w -aHO H 
-HOD-/; C- 0 ~ ;j_ 
HO OOH 
Ill 
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HO_ ' UO H 
110 CH-0 HD~ g I _ ~ g OH OOH 
IV 
The constitution of the m -digallic acid (ill) was proved by its 
oxidation to luteoic (V) acid and ellagic acid (VI) with hydrogen peroxide. 
0 0 
II ll 
H:Q 
C-OOH 
>:=:< HOOOOH HO< HO 
II 
0 
v VI 
Ellagic acid was also prepared by the oxidation of the tetra 
acetyl derivative ·of digallide (VII) with potassium persulfate and -
sulfuric acid. · 
0 
-. II 
C--0 · OH HO() .DH H~O-·C~ 
II 
0 
VII 
A great deal of study was devoted to the d-leuco m-digallic · 
acid with the result that Nierenstein (60) concluded that gallotannin is 
· a poly-m-digallic acid derivative of leuco-m-digallic acid which 
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~H 
probably exists as a lactone. In support of this contention (60) he 
claimed to have ·produced galloylleuco-m-digallic acid (IX) from 
m-digalloyl-leuco m-digallic acid (VIII) which he obtained from 
gallotannin acetylated with · ketene. 
H 
I OH (1) 
OH ~-~ 
0 
VIII 
IX 
Position (1) in (IX) could not be substituted by a carbethoxy 
group so it was concluded that the carboxyl at (2) participates in 
lactone formation with the hydroxyl at (l). Meanwhile a prior publi-
cation in Russian of a Monograph on Tannins by Powarnin came to 
light in which he had previously come to the same conclusion as to 
the structure of the gallotannin molecule. In 1926 Nierenstein (63) 
stated 111 do not regard glucose as an essential part of the gallotannin 
molecule, since we have found that by the action of yea;st it is 
possible to free gallotannin from glucose without destroying the 
g.allotannin molecule . The view held by me is: gallotannin is a 
poly~digalloylleuco dig~llic acid anhydride as originally suggested 
by me in 1912? which may or may not exist in the form of a glucoside, 
to which we have assigned the name gallotannin-glucoside. The fact 
that gallotannin may be freed from glucose by the action of yeast 
finally disposes of the penta-digalloyl=glucose formula of Fischer as 
opposed to my views of gallotannin. 11 
Mitchell (50) originally supported the Fischer formula but 
changed over to sup}X>rt of the Nierenstein formula on analytical 
considerations. Hoesch(3 5), however, considered leuco-m-digallic 
acid to have been invented by tfi~:r~pstein . It W()ulq be i.nteresting to 
see further work done on t~,: qeps.ide t~n~n.~ in orqe:r to bripg t~e 
controversy to a satisfactory conp~usi(:)n. · · · 
2. ELLAGITANNINS 
Certa.in tanning .agents such as valonea (from the acorns of 
Turkish oaky Quercus aegilops) y produce a "bloomn or surface· c~ing 
on leather.· This same ·dep:>sit appears when solutions of myrobalans 
(the dried nuts of Termmalia chebula)y-divi divi (the pods of Caesalpinia 
coriaria, Willd.); oak·bar_ky etc., are -left standing. This substance has 
been identified by Nierenstein as pure ellagic acid by analysis of both 
it and its tetra-acetate. · 
LOwe y (48) Trimbley (99) Bjalobresheskiy (2) and Perkin (71) 
felt that ellag!tanni.ns were glucosides of ellagic acid but suchgluco-
sides were not found in the "bloom~· producing tanning agents. Perkin 
and Nierenstein thought that ellagitannins were galloyl derivatives of 
ellagic acid. The latter (59) synthesized tetragalloyl-ellagic acid and 
showed that it precipitated gelatin~· In the present writer's opinion 
this does not prove anything with regard to the actual structure of the 
ellag.itannins as there appears to be no report of the isolation of large 
quantities of gallic acid irom ellagitannin. 
The ellagitannin from myrobalans was crystallized by 
Nierenstein (58) and hydrolyzed with emulsin to luteoic acid and two 
molecules of glucose. By loss of a water molecule luteoic acid would . 
yield ellagic acid thus accounting f~r the '!!!loom" pro~uctot 
8 OH .· . ~ - 0 -===OH H~o. aoocooa aoa~ ~ ~ - c < }a 
.. II 
. 0 
luteoic acid ellagic acid 
The position of the glucose residues has not been determined. 
The only other ellagitannin on which much accurate data are 
available is that present in knopper galL Nierenstein (62) tentatively 
identified this as a tetraluteoyl glucose. Although there are many other 
ellagitanninsy their structures are still quite uncertain. 
Numerous hydro.lysable tannins of unknown structure also existy 
but they are of small importance. One only will be mentioned due to a 
possible slight connection with the starting materials in the synthesis of 
phlobatannb:is. This is c~{f~~~Min ;which yie.lds caffeic (3 ,4 dihydroxy 
cinnamic) acld instead ~ e~!¢ a~~d pn hy<Irolysis. ]t ~~& ~ieldf? 
another substance of unkhQwn structure . The caffetannins do not 
.. . .- · ' • .·. ' . . . : 
precipitate proteins. 
T_he caffetannins are generally found·associa.ted with chlorugenic 
acid ·whi~h · precipitates gelatin. · ·Freudenberg. (23) suggested a formula 
for chlorogenic acid which was proved correct by its synthesis by H.O.~~ 
Fischer . Although 
HO~CH==CHC--0 
. ·n 
Chlorog_enic acid. X 0 
caffeic acid forms one residue in chlorogenic acid it is not clear whtt 
relation the latter has to caffetannin. Some authors believe they are 
identical; but the same plant does not always contain both. There appears 
to-be no report in-the literature tha.t chlorogenic acid has been examined 
for tanning -properties. · G,arter· (32) thought that caffetannin·wa-s a com-
bination of a molecule of water with two molecules of chlorogeriic acid. 
He called it hemi -chlorogenic acid. Freudenberg (24) concluded that 
hemi -chlorogenic ·acid was· simply chlorogenic acid with one-half a 
molecule of water . Of course this is true stoichimetrically but the 
present writer believes that the possibility of a dimer being connected 
with the tannin is a very interestin_g concept. The dimer form of 
chlorog~nic acid may have this formula of Gorter (XI), 
.D"' OH 
v lOR 
~ 
CH--CH--- Coo-
CH--CH-- COO-
XI 
B 
OB 
but the hemiacetal type linkage is unlikely and it should easily 
hydrolyze to a ketone. However, no ketone seems to have been 
reported as associated with chlorogenic acid. 
-J5"" 
3. PHLOBATANNIN3: CATECHIN. 
- - -
The third and nerhaps most important group of vegetable tannins 
is -the -class known as phlQbatannins~- Their common -characteristic is -
I 
the formation of an ·insoluble -red -or brown precipitate -when· boiled with 
dilute -mineral acids;-,- ·They -are· found widely-distributed in the· plant 
kingdom. --The principal sources are •c'tltch, mimosa (wattle) and 
quebracho. 
The history of their structures began in 1803· with the observations 
made by Davy(65)-on-"the :Peculiar extractive matter- in· the-catechu"~ -
He found that ·cate.chu contained a substance which · precipitated gelatin. 
All the observations made by Davy on this substance ag_ree with the . 
properties of what is known today a~ catechin tannin. 
Catechin is a crystalline substance whose anhy~o~ f()rm me~ts 
at '177°C. whereas the hydrate melts at-96°C. ·lt was isatated·by Nees·:- ·-
van Esenbeck {64) in ·1832 and subsequently studied-by mimerops workers. 
It gives a green-color with ferric chloride·, but does not precipitate -g~i ~ 
at in. On heating in water it yields a· tannin and this tannm ~ive~ .the , · 
usual phlobaphene precipitate with acid. · 
Catechin itself contains· four phenoliC' hydroxyl anp one alcoholic 
hydroxy group. The ·penta· acetate loses four ac·etyl groups ~ith ; ---· ;- ' 
alcoholic potassium acetate . Alkaline fusion yields --phlorog~ucino,~ 
and· protocatechuic actd-and oxidation of the tetramethyl 'ether wiHl -
permanganate (74) gives veratric acid (XII) and phloroglucinol pin)etpy~ 
ether (Xm). · ' 
CH 3D-
CHO~ j OH 
3 
XII XIII 
As a result Perkiri (68) considered catechin to be 3 (or 4) 5, 7, 
3 ' , 4• penta- hydroxy flavan: 
HO H 
XIV XV 
·'· 
' 
This suggested that it might be a reduction product of 
quercetin (XVI) which 
HO 
xvl 
is a coloring matter found D.n the same plant. Long before, in 1865, 
Hlashvetz (66 ,p3l) thought that there was some relation between the 
two when he showed that catechin contained both a phloroglucinol and 
catechol structure ~ Kostanecki and Lampe -(43) suggested a chroman 
structure since catechin gave only a monobrom1de -·easily andthey 
thought both positions 6 and 8 available to bromine. Their formula 
was: 
o-CH I 2 
:;--- CH
2 
xvu 
They said they had obtained pentamethoxy ethyl diphenyl 
methane by reduction and methylation but Ryan and Walsh (86) 
prepared the latter synthetically and the properties failed to agree . 
Nierenstein (61) claimed that he had established the structure of 
catechin by synthesis of the natural product and its derivatives. He 
suggested thD.s formula (XVill) ~ 
""'! 17-
H 
OH 
XVIII 
Freudenberg (25} then carried out a careful 'investikation of the 
position of the benzene bngs. He reasoned that if either the Kostanecki-
Lampe or the Niei-enstein formula were correct then reduction and 
m~tl!flatio!l would yield a diphenyl met~@e deriyat~ve _ whereas Perkin •s 
formula would yield a di).lhenyl propane derivative. H~ settled the 
question by shqwing tb.e identity of the product with 'the diphenyl propane 
(XXVI) derivative v.?hicp be synthesized; -:Acllcatechi:t(gave the same 
degrad3.tion produc4. ~t was still possible 1 ho\vever, huit catechin might 
be a benzyl cotimat~ derivative (XIX). .. 
0 
CH 
. XIX 
At this pbfrit there was fnformati~n on fotir interconvertible catechins 
as shown (XX) (66 9p52) ~ 
d~cate__chin ______. 
iT ---!tT 
d-e picatecpin 
I 
tM 
r-catechin ~!-catechin 
tT ~ THT 
XX 
1-epicatechiQ 
I 
M=Mixture 
-T=Transfor mation 
R=Racemization 
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Freudenberg (27) found that catechin and epicatechin were cis-
trans isomers ~ and that tetramethyl epicatechin gave an optically in-
active anhydro derivative (29). This "ledto·the idea that there were 
two adjacent asymmetric carbon atoms present and that catechin had 
one of the following formulas ; · 
_/\}I 
I CH2'\_/0H 
~---JoB 
XXI XXII 
with the correspondmg anhydro possibilities; 
~ 
HO 
XXIV 
The me~hyl ether of (XXIV) was synthesized from phloro--
g~ucinol aldehyde dimethyl ether and promo ac~to-veratrone and 
replacement of the carbonyl by a methylene group; · 
CHO OH · " ~ +Br CH2 CO ~ I. OCH3 0 a .CH .. 
---'•• CH_,O 
CHf> 
CHO 
3 
CHO ~ fi , 
-a
CH3 
CO OCH~ 
t 
XXIV - ·methyl ether 
-1~-
The product did not agree in properties with the anhydro methyl 
ether of. catechin so it was concluded that formula (XXI) properly 
represented catechin. 
T.he anhydro methyl ether compound took up one molecule of 
water in acetic acid solution and formed a ketone. This was synthe -
sized (78) and found to be ~ 
CH
2
-CH
2
-co---< 
XXV 
This further corroborated formula (XXI). Freudenberg sub= 
sequently synthesized catechin and several derivatiyes . . He reduced 
its tetramethyl ether and methylated the product and this was shown 
to be identical with the reduction product (XXVI) of 2~ 4, 6, 3 ' ~4 • 
pentaniethoxy chalcone. 
/--- CH- CH- CH 
2 z 2. 
OCH, - XXVI 
I 
Reduction of cyanidin chloride (XXVII)' gave r -epicatechin (28) 
(XXVlll) ~ 
HO 
XXVIJ XXVIII 
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Reduction of cyanidin pentamethyl either (108) gave pentamethyl 
r-catechin. Reduction of pentamethyl quercetin (XXIX) gave Mntamethyl 
epicatechin (XXX) : 
II 
0 
XXJX XXX 
It would appear that catechin is definitely 3, 5, 7, 3 ', 4' penta-
hydroxy-flavan. Freudenberg also prepared the six· possible stereoi -
somers (including race mates). Nlerensteln claimed, however, that 
many of these were structural isomers and that the singly bound phenyl 
group was attached in the 3 or 4 instead of the 2 position. He also 
claimed to have prepared eight of the fif~een possible stereoisomers 
(including race mates and position isomers) and provided a quantity of 
data. Perkin's formula 1 however 1 as proved and synthesized by Freu-
denberg ag.rees with the general formulae of plant pigment~ and certain.ly 
appears well established. This still leaves open the problem of the 
formation of catechin tannin and catechin red. In the writer •s opinion, 
one important factor has been over looked. The possibility of the 
formation of dimers during reduction has been neglected. Since reduction 
was employed in preparing the comparison compounds dimerisation may 
have occurred with those also. In such a case catechin and its deriva-
tives may be a dimer of the formula generally given. Elemental analysis 
.would not show up the difference in a formula of high molecular weig_ht. 
Work by Finch and White (17) has shown the dimeric nature of there-
duction product of chalcone. 
Freudenberg thought that phlobatannins were polymers of the_ 
3 -hydroxy poly hydroxy-flavan that gave fission products corresponding 
to those of the tannin. This idea was very attractive to Alfred Russell 
(84) and he felt that each tannin should have a corresponding 3 -hydroxy 
poly hydroxy flavM. He recognized, however, that catechin was the onty 
member of its class that had been identified as a natural product. 
-21 .. 
Because of the great similarity between anthocyanldines; flavones9 
.> flavanones 9 .andflavonols9 ·Perkin and Everest (70) thoug.ht that they must 
have some -interrelation~ Pick (77) found-that ~ri some plants the tannins -
disappeared as· the · anthocyanidins ·appeared. ···Freudenberg used·the· term 
catechin in a generic sense and since ·gambier catechin was a reduced 
quercetin9 so · he thought that fisetin must be the parent of a hypothetical 
quebracho catechin and so forth. 
--OH 
.H. 
II 
0 
XXXI 
Fisetin 
H 
XXXII 
Hypothetical catechin 
Perkin and Everest (70) showed that the fission products of 
. . . 
phlobatannins were in general a phenol and a phenolic acid. Russell · 
j H 
carefully analyzed two phlobatannins 9 hemlock and m1mosa9 and found 
the analyses to be in agreement with a pentahydroxy flavan. He tho\Jght 
they were 39 79 89.3'9 4"9 and3 9 59 79 3•9 4• pentahydroxy flavan. He .. was 
unable to prove tlie tannins had these structures9 ·however, and began to 
consider that perhaps the pyranoid hydroxyl might be in the 4 instead · 
of the 3 position (83). 
Russell assumed and subsequently f.ound that the compounds he 
would have to prepare would be amorphous and hence only qualitative 
methods of co,mparison with natural products would be usaple. Russell •s 
.g~neral method consisted9 as an example , fi.n the condensation of re-
sacetophenone dibenzoate and protocatechualdehyde dibenzoate by means 
of anhydrous hydrogen chloride to give 29 49 3 '9 4' tetrabenzoyloaty 
chalcone 9 which was debenzoylated m a nitrogen atmosphere to the chal-
cone. This method was adopted to avoid the problem of trying to condense 
the unesterifie.d compoUl!lds with their numerous hydroxyl groups and 
subsequent pur.UicaU.on problems. 
The yields by this procedure were poor and in .certain cases the 
debenzoylation was found diffi.cult9 the chalcone tending to revert to its 
components. On reduction of the chalcone with zinc and dllute alcoholic 
acid he obtained a pink amorphous compound to which was assigned the 
structure of either 4 , 7, 3 1 9 4 19 tetrahydroxy flavan (XXXIII) or bis 
7 9 3 ' , 4• trihydroxy flavpinacol (XXXIV). 
• 
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XXXIII 
XXXIV 
He then compared the-reduction product with natural phlobatannins 
by means of a series of color reactions and cQI1cluded that plilobatannins 
were of the same type structure. This procedure of preparation and test-
ing was applied in .several cases. He assumed that ring .closure occurred 
during reduction since· in the cases of 2-hydroxy chal~pnes having no 
other-free· hydroxyl group he found the product to be insoluble even ln 
warm normal alkali. The hydroxyl groups in chalcpnes however, tre 
not all of the same acidity and work by Valyashko and RO>zum (100) has 
shown . the ortho hydroxy group to be non -acidic .and the parahydroxy 
group decid~ly acidic. · 
Having assumed ring .closure, Russell then considered that since 
the compounds were colored they must have been reduced, otherwise 
they would have been colorless aild crystalline. This was a false assump-
tion since a flavpinacc;>l contains no chromophores. He alS() consldered 
that the flavan struct~e was unlikely since similar benzopyran compounds 
are crystalline. Knowing that zinc and acid often give .bimolecular re-
duction products he reduced chalcone itself and obbl.in a high melting · 
compound which he concluded was of this type .and confirmed his yiew 
by determinations of molecular weight. Furthermore, . he measured the 
hydrogen absorbed in a closed system and found .it corresponded to that 
required for formation of a flavpinacol rather than for a flavan. 
On treatment with alkali, quebracho tannln haS been reported 
to give resorcinol and protocatechuic acfa (54). Russell considered 
that his (7, 3 1, 4 • tr ihydroxy) fla vpinacol was ·therefore the basic pati~rn 
present and ruled out the 5, 3 1, 4 1 compound since its type -had not · 
appeared in plant products. Recent work however, has revealed its 
presepc~ in plants. Karrer and Schwab (41) isolated 5.-hydroxy flavone 
' . 
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from a deposit on the sta,lks and blo~ms of Primula imperialis var . 
. gracUij:3. Apparently-this was the first case w~re a flavone having a 
hydroxYl group i~ the five and none in the seven position ;had been found 
in nature. - . · · 
Russell and coworkers (84) synthesized a large number ·of 
derivatives having different phenolic patterns which they assumed were 
flavpinacols and found them qualitatively indistinguishable fr;om the 
corresponding phlobatannins. They (85) then . compared their ultra violet 
absorption spectra with those of the -natural produ.cts and foQ.Ild .fhem 1n 
essential agreement. This may have been fortuitous · inasmuch as .the 
natural products are mixtures. The, anhydrous_ alcoholic -hydrog~n:r : 
chloride employed by Russell is a powerful condensil\g agent. Any com~ 
pounds prepared by its aid should be-. subje~ted to a careful purification. 
His were not. · 
An actual scale model of a flavpinacol can be constructed but the 
hydroxyl groups are very crowded and the molecule has no freedom of 
rotation about the bond joining the two halves of the molecule. 
-•. 
Freudenberg (31) has severely criticized Russell•s work on the 
following counts: 
1. Products amorphous and ill--defined. 
2. Difficulty of forming flavpinacols by reduction of chalcones. 
3. Products must consist of numerous isomers. 
4. Method of reduction productive of much selfcondensation. 
5. Color reactions and absorption spectra dubious on miXtures. 
6. Flavpinacols not found in nat1ire. 
Freudenberg favored the view that quebracho tannin had a catechin 
structure as its precursor~ White (104) has re.cently (1949) inve~tig,a.ted 
., quebracho tannin by means of filterpaper partition chro-matography 
· and has found present five major components. One complex which:::-
. co;mpr ises 3 9o/oof its tanning capacity he believes consists of flavones 
and flavone glucosides~ not of cat~chins.. lie luls criticized Freudenberg •s 
{30) effort to formulate a hypothetical quebracho-c·atechin solely on the 
eviden.ce of the presence of 1.6 parts of fisetiri in 10,000 parts of extract. 
Shuttleworth (92) has discussed the structure of quebracho 
tannin and presented without proof some new possibilities based on 
the idea that it has a high molecular weight due to hydrogen bonding. 
He has listed the following structures: · 
'cH 2. 
OH 
f . ~ OH I 0 CH~CH-OH 
Freudenberg >CKJrV 
I 
? 
H 
I 
I 
I 
I 
Braunschweig ( 4) XXXVI 
Russell xxxvn 
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· XXXVIII Williams (106) 
II 
0 
+ 0.._ 
O-H II 
XXXJX Shuttleworth 
+ -Oll 
j OH 
0~ 
XL Shuttleworth 
~2,6 ... 
--He also proposed a third structure formed by a · hydrog~n bond·· · 
between the· reactive hydrogen para to a ·ketonl,c oxyg,en of the resorcinol 
ring and the ketonic oxygen of a second molecule. -
·It can thus be'1:seen that the present knowledg~ -of the compo-sition 
of natural phlobatannihs is very hazy. ··· Hence any attempt to -construct a 
synthetic copy of -one without real information on the structure of the 
natural substance must be based on guesswork. 
4. PHLOBATANNJNS: QUEBRACHO 
Quebracho wood comes from Northern Arg.entina and Paraguay 
(76). There are three types found there but it is only the- true quebra_cho, 
Quebrachia Lorentzii of the family Anacardiaceae which is used for tan-
ning extract manufacture. The heartwood only is used a·s the outside 
whitewood contains little tannin. The trees of ag~ 10,0 to 1000 yeats are 
large enough for extraction purposes. The logs are cut and cleaned of 
bark and sapwood. The average he.artwood analysis is: 
.Tannins 
Non -tannins 
lnsolubles 
Non -extractives 
Water 
% 
20.40 
2 .. 31 
1.83 
57.19 
18.27 
T_he w.ood is chi_pped into chips of uniform size extracted with 
hot water and evaporated either to dryness or to give a concentrated 
solution. Work by Stather and Laufmann (96) has shown quebracho is 
.improved by heat with regard to its state of subdivision and tannin 
content. · 
An average analysis of solid extract is: 
. - .· %. 
Tannins 64.20 
Non -tannins 7. 90 
Insolubles 7.50 
Water 20.40 
Unfortunately past work on quebracho has not been characterised 
by a careful purification process carried out prior to degradation pro-
cedures. It is probable that many of the · materials reported-as present 
may have merely represented auxiliary substances. The present author's 
.interest is in the main components present in sizable amounts. .Much of 
the past work has involvep specu~tiOJl on . sb;uctures based on minute 
quantities of isolated mat~r,~~ a.Jl(l often the identity of these materials· 
. -;:r-. 
; ' 
has not been proved by preparation of derivatives or ·even by obtaining the 
proper· melting ·points but has been· deduced by stating that a certain · 
mixture would give the melting point hence the mixture must have been 
present. 
Perkin and Gunnell(7l) claimed to have isolated small amounts of 
fisetin (a coloring matter) ~ gallic acid and e llagic acid; however, the ·best 
work involving a study of all the complex materials existing in quebracho 
is that of Theodore White. (104) . He has carried out solubility and 
chromatographic investigations which showed the presence of numerous 
ultraviolet fluoresc ing components as well as other substances. 
Jablonski and Einbeck (37) have reported the isolation of styphnic 
acid· in 4 .5% yield from quebracho tannin. Einbeck and Jablonski (15) -
.claim to have isolated 3 ~ 5 dinitro 2, 4 dihydroxy benzoic· acid from que-
bracho and suggested quebracho was a chalcone-: like combination: 
HO 
>-----. c ----aH 
XLI 
In turning to some molecular weight work we find that in a 
discussion of factors influencing the tanning properties of tan liquors 
and extracts Humphreys (36) revealed the measurement of molecular 
weights of tannins by determining the freezing point depressions of the 
solutions at a given specific gravity. The apparent average molecular 
weight of quebracho was given as 1950. Since commercial quebracho is 
a complex mixture and each component in ·solution may· be combined with 
varying amounts- of other substances the number o_f solutes is unknown 
and the results cannot be used to arrive at any significant molecular · · ·~ ­
weight" figure . 
Following this Douglas and Humphreys (13) determined by freez-
ing point methods the apparent molecular weig,ht of quebracho as 1159 
before dialysis and 2421 after electrodialysis. Although the dialysis 
effected a separation ~ yet the tannin was by no means a single entity 
so the same criticism applies. 
'"128 -
1 . 
·· · ·· Compton (10) investigated the limiting ·pore· diameter for quebracho 
extract by· ultrafiltration· methnds in· concentr'atton of 0~ 5 to· 2 ~o%; · He-
found a value 9t 9-12-~liinicrons · and that there was no change in the 
value over the concentration range studied~ 
Stather and Laufmann (96) studied the influence of salting out 
methods on the total and the fixable tannin obtalned in quebracho solutions 
by leaching out at different rates and temperatures. They found that 
quebracho was improved by heat . 
. Nunez (67) pyrolised quebracho extract under various conditions 
and claimed to have obtained hydroquinone 1 resorcinol, phloroglucinol 
and catechol. · 
Buchanan (5) and others reported a great deal of work done on 
the purification of tannins by four methods: · 
solvent purification 
dialysis 
precipitation 
· hide powder preparation 
_ .The solvent method employed by Buchanan was used in the 
present work. 
In summary 1 quebracho is reported to yield: 
catechol 
phlorogluc.inol 
hydraquinone 
resorcinol 
protocatechuic acid 
fi.seUn 
gallic acid 
ellag.ic acid 
styphnic acid (with nitric acid). 
3 1 5 dinitro 21 4 di.hydro:xy beJtZOic acid1 (with nitric acid) 
and to have molecular weights 19501 1159 1 242L 
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PART HI 
DISCUSSION ·OF EXPERIMENTAL WORK 
A. PURIFICATION 
Solid quebracho extract is produced in Argentina by chipping 
log.s of the Quebracho tree 9 Quebrachia Lorentzii, to sawdust extracting 
with water and steam under pressure and evaporating to dryness~ 
Three and one - half tons of Quebracho wood produces one ton of red-brown 
extract. This is the commercial extract used in tanning. The author 
began his work by carrying out an extensive program of purification of 
this extract. This was done in three distinct ways. One method involved 
solely solvent purifications 9 another solvent and adsorption, a· third sol-
vent and ion exchange methods. It was felt that if all three methods 
gave a product satisfying the same empirical formula then such a 
formula could be used with a reasonable degree of certainty and the 
_product reproduced witfi some--certainly~_ Tne· substanc_e-didnot-Jiave 
·a. melting· point ~p . this cnnerion of reproducibility could not be used. 
-. Thaf the product was a single entity was-not necessarily the case. 
However 9 it was found that the preparation could be duplicated using 
the criteria of composition. It has been assumed in this work that the 
material so prepared is essentially one compound. 
The commercial extract (1900g.) was partitioned between the 
water and upper layer of an ethyl acetate 9 acetone and water mixture. 
This procedure has been reported (94) to increase the percentage of tannin. 
present when analyzed by the standard method of tannin analysis as given 
in the American Leather Chemists Associat~on •s "MetiWs of Sampling 
and Analysis" (49 9 p.55?). Considerable difficulty was experienced in 
~parating the two jet black layers. After separation the upper layer 
was evaporated to dryness on a steam baUi giving a yield in two extractions 
of 19202.5 g. This nearly black solid was then extracted continuously 
with ether for one week. The ether insoluble part was then treated with 
methyl isobutyl ketone at room temperature until no more dissolved. 
Nine -tenths of the ether insoluble material'went into solution. The methyl 
isobutyl ketone was evaporated on a steam bath, and the residue oven-
dried 2.5 hours at 109°C. giving 995 g. of product A from 1900g. of 
starting material. For analytical purposes fraction A was further dried 
at 13 7° C. for two hours in a drying pistol. Observation of product A at 
elevated temperature showed that it starts to swell and lose vapor at 
24tf'c. and begins to darken at 240°C. : 
I 
! 
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An attempt was made to effect further purification by COWlte~ 
c.urrent separation, (107) but -it was abandoned as the constant··appearance 
of sligpt amoWlts of insoluble matter appeared to make the results 
uncertain. 
Product A was red-brown in color. Attempts were made to remove 
the color by physical means but it persisted. The material was· used as 
such in subsequent experimentation. In conclusions drawn from analytical 
results with this material it was assumed either that .the impurities were 
present in very small amounts or that the molecular formulas ofs:uch 
impurities were practically identical with that of the bulk of the 
material. 
Product A decolorised potassium permangana.te solution -and gave 
a smoky green color with ferric chloride solution fu tt!e same manner · 
as the purified extract. This is indicative of a catechol n_ucleus. 
- -
The author early r~ogniz~d the necessity for havillg a method 
of determining the water content of the extract .and its derivatives to 
aid in devising empirical formtilas . This was .further pointed· up by the 
necessity of using a ·half molecule of .water in working out some of the _ 
formulas. The Karl Fischer (51) method for water determination was 
employed after _ it was found to be satisfactory on such compounds as 
butein and phloroglucinol. 
Analysis of product A showed the following ~ 
c 
H 
N 
·5.48 
5.22 
0.67 
0.62 
MeO . 0.5 
0.5 -
H20 3.15 
M.W. 237 
(Rast) 210 
- 227 
215 
Av. 
62.81 
5.35 
0.65 
0.5 
222 
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Calculated for 
C* _H4~ 9u ~ 1120 62.62 -
5.09 
\ . 
Product A was chromatogr~phed on paper using butanol-acetic 
acid-H2o. Most of the material appeared to have remained stationary 
as a brown spot. In ultraviolet a weak yellow spot having an Rf value 
of 0:.11 and a strong yellow spot of Rf = 0.64 api,>eared. · 
A sample of product A dissolved. in water was next passed 
through an anion exchange res:in IRA400. ' One thtrd ·of the ·material 
was retained by the resin. The product ~rom the effluent was chro-
matographed on paper fu butanol'1Jropa.noJ.(-:hydrochloric · acid giving the 
same two yellow spots at Rf = 0.14 and 0.65. . . 
A sample of product A was then dissolved in acetone and 
passed through a column HUed with aluminum oxide. Two-thirds of 
the material was retafined by the column. The-column showed a· 
strong yellow band in ultravftblet light and the rest of the column had a 
brown color. .Initial chromatograms· of the effluent showed no spots but 
high concentrations. · did. It was possible that the fluorescing materials 
.were minor components which always accumpanied the major component. 
A large quantity of product A was passed through the ion exchange 
resin with a · view· to effecting its further purification. The · product ~ 
was insoluble in camphor. This was unexpected since product A was 
camphor soluble. 
c 
H 
% 
61.28 
61.28 
5.16 
5.03 
N 0.59 
0, 55 
MeO 0.5 
5.10 
0.57 
0.5 
Calculated for product B 
C.3lli28011~ 1. 5HaO 
61.69 
5.18 
4A7 
.603 <.·56 
The results inclicicated that the removed materlal had the same 
total compOsitionas the tinrepioved. It must have beEm either practically 
identical or isomeric. It appeared to the author that the separation may 
have been deceptiveand possibly only due to different degrees of hy-
dration of the .same substance . 
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A sample of solvent purified extract- (C) -which had not had-m-ethyt ·-
isobutyl ketone treatmen~ but was otherwise prepared in the same manner 
as product A~ was dissolved in acetone and adsorbed or c~used to react-
with calcium oxide. After purification it was ·recovered with acid giving 
product D. · 
Found 
Calculated for D 
c 
c 
60087 
60.51 
60.63 . 
MeO 1.0 
. 1.0 
H 5.27 
H 5.17 
5.04 
M.W .. 
M.W~ 
612.6 H20 5.88 
317 H 0 
.2 
It w.as evident that c 31 H28ol1 was a satisfactory empirical formula and that the-small discrepancies could be attributed to the 
variable amount · of water present and ~lso to the nttrogen and met)¥>xyl 
impurities which could not be remqved. Since this.formula appeared to 
satisfy both the solvent pur!Ued and calcium oxide adsorbed pr9ducts 
and applied fairly well to the re.sm treated material, it was employed in 
.the subsequent work. The .seF~1;1us di~~-r,eement·- b~tween the calculated 
and observed mQlecular welght values are considered in the following 
section. 
B. MOLECULAR WEIGHT 
Mole.cular wei.g,ht determinations ()f s~stance A were carried 
out according to the Rast method and by the isothermal di..stiUation 
method. (8) 
In the latter method, the . obse.rved molecular weight increased 
.in value with increasing time li.nstead of approachlilg a value asymptoti-
cally. Thus i.n fourteen days the molecular weight (in acetone) was found 
to be 430, i.n nflneteen days 570 and m 25 days 746. The average mole-
cular weight in camphor was found to be 222. Values obtained by this 
method, althoug,h reasonably reproducible , posed a serious problem, 
·for the observed values were muc,h lower than the molecular weight 
·calculated for the preferred formula. · 
-33-
- - It was hoped that this discrepancy· could be· resolved ·by inter- -·· -
preting the observed Rast ·values-as ·same average of the-· mp-lecular-weight 
of the anhydrous molecule ·and that-oft lie water · units in· the mate:ri~L 
. To test thi.s po.ssibilj.ty 1 the Hast mole·cular weight ·of butein (3 ,41~'",4' 
tetrahydroxy ·chalcone) was determined. This material1 -which crystallises 
with one-molecule-· of water 1 (A K;arl Fischer determination confirms the 
presence· of one molecule -of-water-); has a molecular weight of- 290~ -- If-· --- -
the molecule of water persi!sts in molten camphor and i.s dissociated from 
the butein, the observed molecular weight $hould be the a_verage of the 
molecular weight of buteD.n an.d water, i.e. 145. The Hast value·s were 
determined to be 283 and 278 or an average value of 280.5. 
If this resu1t is due to the non-dissociation of the bute.in hydrate 
in molten camphor 1 then one still cannot eliminate the .· possibility that 
the low value observed for the molecular weight of substance A may be 
due to dissociation. If the butei.n result 1 however 1 is due to · complete 
loss of water after dissociation of butein hydrate in molten camphor 1 
. then inasmuch as one might expect similar loss of water from dissociated 
quebracho hydrates under these conditions, the proposed i.irterpretation 
has been rendered untenable and one has no explanation for the low re·-
. . 
sults with quebracho. It is evident that the positive evidence hoped for 
m the butein experiment- (an observed average molecular weig,hf value 
of 145) was not::forthcoming 1 .and therefore that there is no support for 
the suggested interpretation. · 
It will be noted that the Rast mo~ecular weight determination of 
the methylated and acetylatea substances are -more in line with the ex-
pected values. These values were accepted in the present work. 
Investigators (13) m the Held have concluded that phlobatan~ins 
have moderately hiKh molecular weig,hts. To obtain a qualitative idea 
of the molecular size ~ a series of 3ialyUc experiments was pedormed to 
determine if the molecular weight fell in a high or low range. This work 
consisted of dialysing the extract in various solvents again.st the same and 
other solvents. In the course of a month up to 64% of the material 
dial,zed through a cellophane membrane of 0.0012 inch tpickness. N"o 
large changes m comp<>:sll.Uon occurred. 
Since the dialytic experiments indicated that not all of the material 
could be of high molecular weight an attempt was made to molecularly 
distill the extract. At a pressure of less than Oo1 micron less than one 
milligram of sticky product was obtained by the time the extract C had 
carbonized. With the calcium oxide purified product D 1 nothiilg was 
obtained. It appeared that hydrogen bonding may have reduced the 
vapor pressure of the co.mpound to such an extent that .it could not distill. 
C. ME,THYLATION 
Methylation expe.riments were perforll\ed to change the solubility 
characteristics of the purified extract and thus aid further purification 
and to determin.e the functionalities of the oxygen presenL A further pur-
pose was to limit the mo~ecular weight ·possibilities since on the pure 
methoxyl derivative only whole numbers of methoxyl groups would be 
possible. · 
Many methylation experiments were performed on all the 
batches of extract in an effort to find the best conditions for obtaining 
the highest degree of methylation. Much effort was expended in a search 
for methods of puruication of the derivatives. This was greatly hampered 
by the ability of the methylated derivative to hold varying amounts of 
water and solvents so that melting points were indefinite. Only the most 
s.ignificant ~xperiments will be discussed here. 
It was found that initial methylation with diazomethane gave poor 
results. One ~arly experiment~ however? on a small (1 g~) sample gave 
an exceptional result which corresponded closely to the formula finally 
decided upon. 7'he substance D though not soluble in ether was treated 
with diazomethane in ether. Most of the reaction product was insoluble. 
The soluble portion analyzed as follows~ 
Calculated 
f~r c38H~4ol2· c 65.80 H 6.39 MeO (7) 31.3 
or C31 H21 04 ( CH3) 7. H20 
Found c 65.80 H 6.06 MeO 31.1 
65.92 6.14 31.1 
Unfortunately this could not be repeated consistently nor done on 
a larg,e scale. Experiments also showed t)lat the use of dimethyl sulfate 
alone would not bring about complete methylation despite repeated. - -
attempts. 
The.re always seemed to be a disappearance of material during 
methylation which could only be explained by assuming its loss as 
volatile matter during methylation. As an example? .4. 70g. of dried? 
partially methylated material was further treated with diaz()methane. 
The total yield of solids fr'om all sources was 3. 76gm. The same 
result was obtained starting with unmethylated material. · 
~35-
' The next important experiment consisted of a series of methy-
lations followed by a tedious purification which may be· briefly sum~ --
marised. Compound· A (lOOg.) was methylated with dimethyl sulfate 
initially at room temperature and subsequently at the boiling point of 
methanol. A second methylation was t~ performed entirely at the boil-
ing point. The product was then treated with diazomethane twice. Follow-
ing this it was then subjected to a complicated series of fractional pre-
cipitations with resultant division into a dozen portions. Of these, ·four 
were cream white in color and appeared of sufficient purity to warrant 
study. Their melting points and analyses were: 
MP. Av. % H Av.% C Av. M. W. % MeO 
X-1 152-3 6o4l 67.39 543 31.4 
X-2 181-3 5.46 66.05 529 30.9 
X-3 173-4 6.24 65.89 675 3'0.6 
X-4 199-200 6.04 65.49 665 30.6 
The ultraviolet absorptions of X-1 and X-4 were measured and 
found to show a nia.Ximum at 280 mu with a density of 0.383 and 0.257 
respectively in .001% (weight vtllu me) concentration in alcohol. Infra-
red spectrograms were next taken of all four fractions. X -2 and X -4 
were identical- X -3 was the same as X -2 except for a very slight . , 
additional absorption ·at · 5 ~ 83u. x ..:-1 was the same- as ~-z~with an addi-
tion;rl ·sttong band at 5.83u and moderate band at '7.33u. 'I'.be band in the 
5.83 region is usually attributed to· ~arbonyl absorption. On· further _ 
methylation of the four fractions products havmg the following analyses 
were obtained: 
· A v. % H A v. % C M. W. % MeO M. P. 
X-1-M 6.24 
x~2-M 6.26 
x .-3-M ·6.28 
Xr 4-M 6.28 
66.45 
66.26 
65.81 
66.45 
533 
539 
702 
648 
31.4 
30.2 
30~ 2 
30.2 
149.5-150.5 
160-175 
ca 202 
185-.6 
The compounds appeared to have beome practically identical 
by carbon-hydrogen analysis. Their infra-red spectra were identical ' 
and the 5.83u and 7.33u peaks had disappeared. Analysis showed X-1 
contained 1.20% water , X-4, 2.93%; and X.-1-M contained 4.66% water. 
X-1 - M absorbed at 280 mu in the ultraviolet with a density of 0.242 in 
.001% concentration in alcohol. A molecular weight of X-1 was taken 
by the isothermal distillation method giving a value of 1310 after 83 
days. A possible interpretation of the high mqlecular weight ls the 
dimerfsation of substance X-1 in acetone. . · 
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X-1-M agreed with thefO;rmtilil 
c31 H21 0 4 (OCH3) 7 :- 0. 5 H 20 Cafculated C 66.76 
H 6.34 
31.77 
683.7 
L32 
with the excepU.on of the water content. The .. calculated molec.ular 
weight~ although differting by 150 units from the observed Rast value· is 
still in somewhat bette~ agreement with the latter than. the value calcu-
lated for a C15 mo.lecule. · , 
. ' 
. T.he enUre methylation experiment was repeated beginning with . 
substance A w.ith certain improvements in the .hope that a large hatch 
of pure product might be ~obtained. After two dimethyl sulfate treatments 
and two diazomethane treatments the ni~rogen content was t55%~ · The 
methylated derivative was dissolved in methy)al ~d ~nllled ou1 . ~dry 
ice-acetone!.· filtered on dry ice and c.ollected. It .analyzed as foUow s · · 
(MA)~ .;$ .. . 
c31 H21o4 (OC~g) 7 :-" .;0. ,5H20 
Calc. (%) 
c 66.76 
H 6.34 
N 
Me0(7)~1. 77 
H 0 L32 Nf.w. 683 .7 
End Me (No. of groups) 
Found(M A) (%) 
66.68 
6.47 
0.26 
31.0 
66.45 
6.40: . 
0.29' ' 
31.0 . 
1.30 
704 ~655~685~668 (Av. 978) 
o. 70 0.52 
·.· 
This appeared to be the purest product obtain¢d. The 
substance had the lG"West nitrogen content and agreed· with the 
proposed formula. 
Paper chromatograms of M A were run . iil butanolacetic 
atid-water ~. also in ethyl acetate-H2o. No spot separattons were ob-
served in visible or ultraviolet wiUi or withoQ.t ·various developing · 
agents. This may have indicated the remov~l ()f impUrities or the 
removal of the function (phenolic hydroxy groups) responsible for 
fluorescence or color development. 
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· In an effort to further ina-ease the methoxyl content ·of the 
methylated derivative (MA) , it was treated with silver-oxide -and 
methyl-iodide , -Instead of in:creasing the methoxyl content-, the treatment 
resulted-in a loss of·one methyl group giving a product having the 
following composition: 
c31 H22 o5 (OCH3)6!:;'H2o 
D. ABSORPTION SPECTRA AND OPTICAL ACTIVITY 
An ultraviolet spectrogram _of the calcium oxide purified 
material (D) was taken, It showed a single peak ot 279 mu with a 
density of 0 ~503 giving a log E- = 4,5 for a molecular weight = 612 .. 5, 
Absorption at 279 mu in the ultraviqlet was shown by all the 
purified batches and is shown by other phlobatannlns. (5) Unpublished 
work by the author has shown that 513 ' 14' trihydroxy fla:v;anone absorbs 
at 277 mu, This peak may be du~ to the keto group, · 
Jarowski and Hess have reported high log € values for certain 
compounds having a keto group. as follows" · 
2 carboxy 1 51 7 dihydroxy ( -chromanone 
A.max, 283 mu · · log f= 4.29 
21 6 dihydroxy acetophenone 
>..max, 271 mu log E 3.92 · 
In the infr a-red? extract A showed a modest absorption at 5.83 
microns in the keto reg.ion. On methylation and fractionation the 
methylated products showed varying absorption at this p6int1 but one 
fraction showed very strong absorption, On further methylation with 
diazomethane it completely lost its absorptioqt. at th1s po~t without change 
in methotyl content. All the other fractions likewise lost their absorp-
tion at this point and all the spectrograms became identical. In brief 1 
it appeared that the modest absorption of extract A at 5,83 microns 
increased greatly dur ing methylation and then finally disappeared, (See 
page :l36) · · · 
The disappearance did not take place in the ultraviolet. The 
methylated fraction showing th~ powerful absorption at 5.83 microns in 
the infra-red showed a maxi' tnum at 280 mu in the ultraviolet with a 
d~nsity of .383 in .001% concentration. On further methylation 1 although 
the infra-red peak disappeared the ultraviolet peak density only fell 
to .242. · · 
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The presence of a keto group was ·not indicated by any chemical 
test either in the extract or its methylated derivative·.· This was not 
proof of its absence, however·~ since the flavanones relatedto· -
dracorubin (96) have been found to fail to respond to keto reagents. 
Acetylation work1 to be discussed subsequently, appeared to 
indicate that keto groups were absent. 
A possible explanation for the ultraviolet absorption may be that 
the absorption is not due to a keto group~ but is due to an ether linkage. 
Diph.enylene oxide has an ether linkage. This substance· has been shown 
(105) to absorb at 2-80 mu giving a log E = 4.2. H the purified . quebracho 
extracts contain a ring having an ether oxygeri present? then this m_ay 
be the cause of the absorption found. On methylaU.on1 should the ring 
ox.ygen be unaffected~ then the absorption might well remain. Thus the 
difference between the infra -red results and those obtained from the 
ultraviolet measurements can be explained by cons,idering the absorp-
tion as being due to different factors. 
A polarimetric study of the extract (A) was not possible due to 
the high color of its solutions. An investigation of the rotation of the 
methylated derivatives was made~ however~ although the absorption of · 
lig_ht ~ the solutions made it very difficult.. Readings using the sodium · 
lines were made , but no readings could be obtained using mercury lines. 
The methylated derivative X-1 which showed the strong 5.83 
micron absorption fin the infra-red showed· a specific rotation of 
+9.4° at 26° in acetone and 12.3 ° in chloroform. X-3, which had a small 
absorption at 5.83 had a specific absorption of +13.2° in chloroform 
.at a different concentration from X-1~ The methylated derivative of 
hig,hest purity prepared m quantity (MA) had a specific absorption of 
+11. 7° m chloroform. . 
The acetylated derivative had a specific rotation of +13. 7° in 
acetone. Due to the difficulty of reading the polarimeter these values 
may be one or even two degrees m error. · 
_E_. ACE,TYLATION EXPE.RIMENTS 
l. ACETYLATION OF PRODUCT A. 
Product A was acetylated in pyridine and an atte{Jhpt: made to 
purify the product by various methods in~luding chromatography with-
out success. Product A was reducU.vely acetylated in acetic anhydride 
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and· after purification, the product was treated with acetyl-chloride-in · 
dimethylaniline in order· to -ensure acetylation··of·any tertiary -hydroxyl 
groups ·~tesent· in the molecule. The white product- (T) softened--at ·-· · 
1519 C ·and melted·at 153-155 ° c-. -The-analysis indicated that whatever 
formula was developed all the oxyg_en atoms were required for the 
acetoxyl groups. 
Calc ~ c31a17 (0COCH3)11 
c 61.27 H 4.8.5 Ac 45.5·7 MW 1,038.9 
Found C61.48 H 4.,54 Ac 46A9 MW 1,020 
61.77 4 ~ 68 46.82 
This r esult indicated that either all the oxygen were present in 
hydroxyl groups or in groups changed to hydroxyl under the experiment-
al conditions. 
· The acetyl derivaUve was definitely crystalline as shown by 
its X -ray diagram. 
The preparation- of the acetyi derivative was repeated in all 
details except that the zinc dus~ was omitted:. The analysis showed no 
significant difference. . · 
The results obtained by acetylation are among the most 
·significant in the present work . . This appears to be the first case 
where ~uch a high acetyl' content has been · achieved with any phloba-
ta.nriih. In addition , the method and the composition of the product ap-
pear fb be general, for another phlobatannin, wattle, has been treated in 
silllilar manner. · A product of similar composition was obtained. This 
is , discussed' at length under "Addendum. n 
i 
"' The cry.stalUnity of the product is very important. Past 
speculation on phlobatannins has usually led to the conclusion that they 
are polymers. The strength .of this view with regard to quebracho is 
weakened by the dialysis previously mentioned. It is made even less 
tenable by the crystalline nature of the acetyl derivative and the fact 
that it has a definite melting point (153 - 5°C.) where as quebracho itself 
has no melting point and is not crystalline. For a polymer to be cryst-
alline it has to have a very simple or very regular structure. H the 
molecular weight data on the acetyl.derivatlve and also on the methyla-
ted compound are considered dependable, then they bath point to C31 
H28 On as the basic formul~)or quebracho extract. This gives a · 
molecular weight 576.5. Raffinose has been shown (10) to dialyse 
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throug_h a cellophane membrane ot ~~0008 inch thiclmess comparable to 
that ·used with quebracho. -The molecular weight of this sligar-ts ·594 -
in crystalline form~ · It thus -appears reasonable that a -high-- proportton 
of quebracho -extract is of moderate molecular weight and therefore not 
a high polymer. 
This is the first case in which all the oxygen functions of a 
phlobatannin have been utilized in derivative fo,rmatlon. ·u renders 
most unlikely the oft-proposed structures in which the molecule is · 
represented as a polymer -c-emposed of Wl-its joined-by et-her -linkages 
(82) unless cleavage occurs during ac.etylation. 
2. ACETYLATION OF THE ME.THYLATED DERIVATIVE 
The methylated derivative (MA) of quebracho extract was 
subjected to the dual acetylation in order to discqver if the remaining 
hydroxyl groups could be acetylated. The analytical results indicated 
that two rather than four acetyl groups entered the molecule: 
Calc. c42 H46 o13 or C31 H19 02 (0C~Ha)7 (OAC)2 
C 66.48 H 6.11 Meo 28.63 Ac 11.35 M.W. 798,8 
Found C 66 .. 45 ~ 5_. 71 Meo 26.95 Ac 10.79 
66.49 5. 73 27.19 10.40 
3. DEACETYLATION 
The completely acetylated derivative (T) was deacetylated by 
refluxing with potassium acetate with the lossof eight of the eleven 
acetyl groups. Potassium acetate in ethanol set up an equilibrium be-
. tween acetate ion and ethoxide ion. Since phenols are in general 
stronger acids than ethanol ~ t he conjugate base ~ phenolate· anion~ is a 
weaker base than ethoxide ion. In the equilibrium thus set up the 
acetyl group was lost to the ethoxide ion. Hence it appeared that the · 
fully acetylated product contained eight acetyl group~ attached to pheno-
lic or enolic hydroxyl positions and three to non~phenolic hydroxyls. 
Since the methylated extract contamed only .seven methoxyl groups 
it seemed that during acetylation one more phenolic or enolic hydroxyl 
group may have been generated~ perhaps by the opening of a.Ii ether link-
age. An alternate possibility was incomplete methylation. ' · 
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F. ACTION OF NITRIC ACID 
Nitric acid was found to oxidise and give a nitro derivative-when 
it was allowed to act on purified quebracho extract (A). -·The product 
(AN) was obtained ·in excellent yield (26%). Since the breakdown was 
achieved in·one-step and gave such a ·satisfactory ·yield-the product was 
subjected to much study. -The preparation involved a rather violent -· -- · 
decomposition with copious evolution of nitrous fumes and the formation 
of much oxalic acid. 
In an effort to reduce decomposition, less concentrated nitric 
acid was used in another preparation. On evaporation in vacuo of the 
extract from the reaction the product exploded violently at 80°C. 
Similar violent decompositions occurred when efforts were made 
to degrade quebracho extract by the use of hydrogen peroxide and 
alkalL At one point a clear yellow solid of very hig,h oxygen content 
was isolated but it decomposed before its structure could be thoroughly 
studied. 
The nitration derivative (AN) was treated with diazomethane to 
methylate it. This gave a light tan product which was alkali soluble. 
An effort was then made to prepare the same· product by the 
other route starting with the methylated compound (MA). This was 
nitrated and an orange -colored alkali soluble product (MAN) recovered. 
Unfortunately the number of methoxyl and nitro groups appeared to 
differ in the two compounds. The formulas developed for the compounds 
are in basic agreement and are listed below : 
A N (Extract A and nitric acid) C17 H12 0 8 (N02 )2 • 2H20 
A N M (AN and diazomethane) , C11 Hg 05 (N02~ (CHsO)s . H20 1'4 AN (Methylated A and nitric acid) Cn H 9 0 6 ~N02)3(CH30)2 
If the nitro groups are replaced with hydrogen atoms and the 
methoxyl groups with hydroxyl groups the formulas become: 
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If was found possible to prepare a different nitro degradation 
product of quebracho extract in excellent- yield by conducting the 
nitration slightly below room temperature. In this experiment 15g~ 
compo;\:md A gave 10.2g. of yellow brown product (ANI) • . It deflagrated 
on sudden heating. It decomposed in less than ten minutes in an oven 
at 109°C. On an aluminum block it started to darken at 130°C. It was 
easily soluble in water? alcohol? methanol? and acetone, but insoluble 
in ether. Its water solution was deep yellow and failed to give a color 
with ferric ion? but a small amount of precipitate appeared. Tolleri 's 
Reagent was not affected? but Fehling's Solution was reduced when 
heated. Schiff 1S Reagent was unaffected aild no oxime could be 
obtained. N.o phenylhydrazone was obtained and no reaction occurred 
with thiOJ'tl chloride nor with phosphorus pentachloride in tetrahydro-
furan. -
The product had a neutralisation equivalent of 217. It g,ave a 
yellow -green fluorescent product on makilig alkaline the fusion 
product obtained from resorcinol and sulfuric acid. This indicated 
a dicarboxylic compound of type capable of giving a fluorescein deriva-
tive. It gave a negative result in the ferric hydroxamate test for 
anhydrides. 
_, 
Ferrous hydroxide was oxidized to ferric hydroxide indicating 
the presence of a nitro or nitrate group. It failed the diphenylamine 
test for nitrates so it appeared to be a nitro derivative. 
A solution of the substance in one hundred I*rcent sulfuric 
acid failed to give any ester on pouring into methanol. On warming a 
solution of the compound in fifteen percent hydrogen peroxide with a 
few drops of I N alkali it decomposed and. the acidified solution 
yielded no fusible substance. 
A paper chromatogram of the nitro compound (A N I) was run 
in the usual manner employing a solution containing two parts butanol, 
one part propanol and one part one-tenth normal hydrochloric acid. 
It was run for seventeen hours. It showed one strong blue fluorescent 
band under ultraviolet light having an Rf value= 92.1. No other band , 
appeared. No further bands appeared when phosphotungstic acid and , 
ammonia were employed. 
On heating at 90°C. for thirty minutes in 2N sulfuric acid, the 
nitro compound showed no qualitative change in properties. It was not 
soluble in 2N sulfuric acid and this treatment did not change its action 
with ferric chloride not altef it~ gene~a~ inst~bility. It was still very 
soluble in water. 
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On heating the compoWld in I N sodium hydroxide atthe boiling 
point for thirty minutes 1 followed by acidification and ethyl acetate -
extraction 1 no change in the qualitative properties appeared to have 
occurred. 
A study of the reduction of the nitro compoWld was made. It ·· 
appeared to be Wlaffected by .ammonium sulfide 1 sodium · hydrosulfite, 
tin and hydrochloric acid, zinc and acetic acid1 and hydrazine. It was 
subje.cted 'to tw.o to three atmospheres pressure of hydrog,en in the pre-
sence of ~aney Nickel and of platinum oxide in both acid and alkaline 
solution without effect. 
The failure to obtain any fusible products by oxidation with 
alkaline hydrogen peroxide has been mentioned. Oxidation · by con-
centrated nitric acid produced oxalic .acid. Alkaline permanganate 
likewise gave oxalic acid and carbon dioxide and no other organic 
product. 
The same failure to identify any substance of significance was 
likewise experienced in the case of the nitro derivative (MAN) of the 
methylated compoWld. Permanganate treatment gave a neglig,iple yield 
of gummy produ.cL It appeared that oxidation of the nitro compoWlds 
was fruitless due to their g,eneral instability with the result that their 
destruction was rapid and complete. 
G. DEGRADATION STUDIES 
The methylated derivative 9 X-11 was subjected to an alkaline 
permanganate oxidation. This gave a very small yield of a substance 
(R) having ·the following composition ~ 
c 65.05 
FoWld C 65.27 
65.09 
H 6.07 
H 6.00 
6.06 
MeO 31.6 
MeO 31.4 
After recrystallisation from alcohol its melting point was 
_foWld to be 169.5 - 170.5°C. It was insoluble in alkali. 
Alkaline fusion of substance X-1 gave a small yield of product 
S which melted at 158.5-160°C. It failed to give a color in the fuchsin 
test for aldhydes and in the ferric chloride test for phenols. No 
phenylhydrazone could be formed. Alkali and iodine did not yield 
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iodoform. The product was insoluble·· in alkali;· · Unfortunately there 
was not enough material to determine the water content. Analysis gave 
the following ~ 
C 63 .89 . H 6.16 MeO 30.6 M;W9 
Found C 63 .80 H 6.18 MeO 30A M.W. 
5()8.5 Av. 
5189508 
63.94 6.24 492,502 Av. 506 
Alkaline fusion of MA~ the methylated derivative prepared in 
quantity , gfJ.ve- a number of fractions having different melting points, 
but apparently closely related to the previous products. One fr~tion 
(U) was obtained in 16% yield. It showed a slight softening at 190° C 
and melted at 201 o C. . · . · 
c 68.19 
Found C 68.30 
6'8J5 
H 6 .. 57 
.H 6 ~52 
6~39 
Mee (5) 32.6 
MeO 31ol 
3L2 
T.he formula appeared to indicate that the substance was a 
further step in the breakdown process . 
. The degradaUve fusion of the methylated co,mpound (MA) in 
mixed alkali gave a product satisfying the formula~ 
C23 Hl6 04 t(OCH3)4 . 
I 
It appeared that fusion gave various. products depending upon the 
conditions and that the number of methoxyl groups lost was connected 
with the severity of the treatment. ; 
The methylated derivative MA was oxidized with alkaline 
permanganate and a 15% yield of pure veratric acid was obtained . . It 
was identified by melting po:int and mixed melting }X)lnt. Two attempts 
to prepare its an.Hide gave a very small yield of crystals of mp 114 °-
ll5.5°C which is the melting point of acetanilide. Its composition was 
unknown. An improved procedure finally gave the desired vlfatric6 
anilide identified by melting point and mixed melting point. The yield 
was reasonable considering losses and the fact that a molecule of 
veratric acid represents about a quarter .of the we·ig,ht of co.mpound MA. 
The carbon atoms in Rand veratric acld account for all but two of those 
in compound MA, the two lacking perhaps accounting for the carbon 
dioxide released an acidification of the oxidized solution. 
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Alkaline fusion of substan.ce A gave 1.6% resorcinol. The 
resorcinol was identified by melting point and by preparation of its 
dibenzoate. 
A larg~ number of degradations were performed in order to obtain 
the results listed. Sometimes none of the breakdown products could be 
identified. Often the results merely confirmed previous find~gs. ·In all 
cases every solution and precipitate was exhaustively investig,ated. 
He ugh~ (33) in his work on black wattle tannin isolated both veratric 
and 3, 4, 5 trimetfiyl gallic acid which were separated by their silver 
salts. The present author used h!s optimum conditions in one exper-
iment and found as usual the veratric acid. No 3, 4, 5 trimethyl gallic 
acid could be detected. 
Quebracho .extract (A) was heated with sodamide and a product 
was isolated and crystallised from acetone . Its analysis corresponded 
to the astounding formula, c6H22oR..N11 , and was evidently an amide as it gave a xanthhydryl derivahve melting at 295° -6°C. No further study 
was made of the compound. 
In most oxidative degradations and in alkaline f~sions a small 
amount of · oil of varying o~or was obtained, but it could never be 
satisfactorily purified as it always appeared to hold some solid in 
solution even though distilled. Sometimes it had the pleasant odor of · 
vanillin (even though obtained from unmethylated extract) and at other 
times had the burnt odor of pyrogalloll~3 dimethyl ether. · 
The acetyl derivative of extract A was subjected to permanganate 
oxidation without yielding any identifiable products. Apparently the 
acetyl groups were too easily lost to afford much protection to the 
molecule. 
Substance MA was subjected to selenium and palladium 
dehydrogenation without effecting decomposition. 
H. REDUCTION EXPERIMENTS 
It was found possible to change the color of extract A .from red-brown 
to a light flesh tint by treating a solution with sodium hydrosulfite near 
the boiling point and rapidly extracting the solution with ethyl acetate . 
. The carbon -hydrogen analysis did not indicate a sig,nificant change, 
however . 
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An ethanolic sol~tion of subst3J)ce A when shaken with nickel, 
palladium or platinum did not absorb hydrogen. 
Numerous other attempts at hydrogenation were made, but no 
crystallizable products were obtained. Clemmensen reduction in acetic 
acid .and sodium hydrosulfite reduction in alkali both weakened so mew hat 
the color of the extract in solution but it easily recovered its color on 
standing. 
The extract was hydrogenated at 195°C. under 3100 psifor four 
hours with Raney nickel. The product was lighter in color than the, 
.original extract. 
Analysis afforded carbon and hydrogen values which agree with 
those calculated for C H o11 -0.5H2o. An absorptionof two hydrogen 
atoms may be indicate3J. Wbwever, consideration of the large molecular 
weig;pt~ and the small differences in the calculated values sugg~sts that 
this conclusion should be considered tentative. 
A reduction of the extract in the presence of toluene using 
activated zinc and alkali resulted in no essential change in the elemen-
tary analysis. 
.. ·- ~ 
Attempts to hydrogenate the ~~u~thylated substance MA at 
atmospheric pressure using Raney nickel; platinum oxide and palladium 
charcoal failed. 
Reductive work with the nitro compounds has already been dis-
cussed in section III F . 
I. BROMINATION 
The methylated compound (MA) was brominated in acetic acid 
solution. The product obtained did not have a melting point and could 
not be crystallised. It appeared to have taken up four atoms of bromine 
by substitution9 but lost two methyl groups. It cortespounded approx ... -
mately to the formula: 
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Before considering the relation of the experimental results to 
molecular formulas and structures ·tt would be well to consider the 
relation of purified quebracho to crude quebracho extract.·· More 
specifically1 we must ask whether or not substance A represents the · · · 
active tanning principle in quebracho tannin. The difficulty in answering 
,this question is reflected in the title of this thesf.!#3. 
Substance A is isolated from commercial quebracho extract in 
63.3% weight yield. Thus the purified material on which directly or 
indirectly most of the experimentation was performed is pres.ent in 
appreciable amounts. This fact is not unequivocal evidence that 
substan.ce A represents the active tanning agent in quebracho. 
Direct comparison, however 1 of the tanning properties of crude 
quepracho and purified substance A showed ~hat the latte.r material was 
as effective as quebracho judged by shrlnkag.e point measur.ements on 
kangaroo tall tendon. Hence lt :has been concluded Umt substance A 
does represent an important fraction of the tannin ln q:uebracho. · The 
possiblllty of the presence of other tannlns ln quebracho, howe.ve;r, has 
not been eliminated and the poss.lble effect of the non-tannln.s in quebra~ho 
ln influencing the tanning actlon of the active constituents ls recognized 
but has not been investigated as yet • 
.IV ANALYSIS OF DATA 
The experimental work has provided the following information 
which may be briefly recapitulated 
A. Probable basic formula for the main constituent of quebracho: 
Cs1H280ll 
T.his is proposed a~ the preferred formula, 'With the preference 
based on the fact that thi.s ·.formula can accommodate more of the · · 
assembled data than any other. ·Further work may lead to some revision 
of the number of hydrogen atoms or possibly even of the number of 
· carbon or oxygen atoms. Consideration1 however, of the data available 
shows that no· great change can be made. The preferred formula either 
is the correct one or is a very close approximation to the truth. It will 
be seen that the preferred formula s.erves satisfactorily in .the following 
pages as a 'vehicle for presenting and even interpreting data • . 
1- ' 
B. Fo.rm~for the m~thy~ted qerivatives: 
1. Ofi H21 04 (OQ~s)7 . . 
2. c 31 H22 0 5 (OCH3)a .H2o 
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C. Formulas for the degradation products of the methy4tted 
derivative (1) : . · 
D. Formula for the acetyl derivative: 
c31 Hl7 ( o Ac)il 
E. Formula for the deacetylated derivative: 
c 31 H25 0 8 (0 Ac)3 
F. Formula for the methylated and acetylated derivative: 
c31 H19 0 2 (OCH3)·7 (0 Ac)2 
G. Formulas for the nitro derivatives 
H. Formula for the bromo derivative 
1.' Resorcinol obtained by degradation of the extract 
J. Veratric acid obtained by degradation of the methylated 
derivative. 
K. One terminal methyl group found present in the extract. 
M. Methylated and acetylated derivatives found to be optically 
active. 
The formula for the undecacetyl derivative shows that all the 
oxygen in this compound are requiredfor the acetoxyl groups. This 
indicates that all the oxygen in the or.~inal substance either existed as 
hydroxyl groups or were converted to such during acetylation. One 
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possibility is the presence of ether oxygen. Unpublished work of the author 
has shown that fnrvanones easily isomerise to chalcones with the resultant 
conversion of the ether oxygen to an hydroxyl group. Such a process 
would generate a double bond. The acetyl derivative does not absorb 
bromine and an explanation becomes necessary. H keto groups are 
present then the flavanone becomes a chalcone when the ring opens. The 
double bond in a chalcone appears to lack the activity shown by one which 
is not~,,.e, to a keto group. By actual test chalcone and butein failed to 
decolorise a bromine solution in ten minutes although chalcone does 
form a dibromide if given sufficient time. Styrene instantly decolorised 
the bromine solution. Thus it appears possible for the acetyl derivative 
to be unsaturated even though it didn at decolorise bromine. 
The acetyl derivative indicated c31 H28 as the basic. structure. 
The deacetylated substance contained only three acetyl groups 
and this seemed to show that three hydroxyl groups differed from the 
other eight. Since phenols are stronger acids than alcohols, phenolate 
ion is a weaker base than alkoxide ion and hence the acetyl group would 
be lost by phenolate ion in equilibrium with alkoxide ion. Thus it . 
appeared that three hydroxyl groups were not phenolic. 
The methylated derivative seemed to show that four oxygen atoms 
existed either as unreactive hydroxyl groups or else in ether and _keto 
groups. 
One degradation product from the methylated derivative pointed 
to the possibility that the four unmethylated oxygen atoms may have been 
untouched. An other indicated the loss of two of these. 
At least one resorcinol nucleus and one protocatechuic acid 
residue were evidently present in the structure. 
There is insufficient evidence to indicate the actual ring linkages, 
but solely for the purposes aJ 'discussion a structural formula is out-
lined below. The PQsiUon of the methyl group has not been determined 
and other formulas are possible although the high hydrogen--content 
greatly limits the . number ~f condensed ring systems possible~ 
- OH 
ca 
, 3 
HO 
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The formula fails to account for four hydrog~n a toms~ If the- · 
two keto groups were changed to hydroxyl the correct number. of hydrogea. 
atoms would be required. 
Methylation of the keto structure would result in a heptamethyl 
derivative as was obta.lned. Reductive acetylation with opening of the 
flavanone rings t{) the -chalcone form as is known to occur i,n base would 
give the undecacetyl derivative as found. Howe.ver, acetylation without 
reduittion gave the same result. Deacetylation would occur primarily 
w.ith the phenolic hydroxyl groups of which the formula predicts eight 
thus leaving only the triac_etyl derivative as found. Oxidation of the 
methylated derivative . with the loss of one mol of v~ratric acid and reten--
tion of five m~thoxyl groups would be exp;ta,inable by the structure shown. 
Since the ring linkages .have not been determined there are 
several possibilities. Possibly the two s.imilar halves of the molecule 
may be ioined as shown ~ 
-oR 
This linkag_e has been shown to ;exist in the reduction product of 
chalcone by Finch and White . (l7) · 
A model of this structure shows that only one ster~oisomeric 
form having all the aliphatic hydroxyl groups in a glve,n position is 
sterically possible and that this structure has practically no freedom of 
. movement. A more likely structure preferred by the author which has 
very much more freedo.m of movement and which can rotate with some 
difficulty about the bond joining the two halves of the molecule is that shown 
below. -·· _·. _  OH 
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Possible structures for two of the breakdown pro~cts are: 
The structures for the above breakdown products? however, 
are unsatisfactory. It is difficult to see how a catechol structure could 
survive the permanganate oxidation. It doesn • explain its insolubility 
in alkali. It is difficult to devise a reasonable mechanism leading 
from the proposed structure to the breakdown product. 
The structure of the second degradation product is also un-
satisfactory. It doen at explain the loss of oxygen attached to the benzene 
r~g. . 
It is evident that one qr more centers of asymmetry exist in 
the orig.inal compound A and that methylation and acetylation have not 
destroyed all the centers. This is eapecially interesting since during 
acetylation a ring containing an ether oxyg.en may have opened and. the 
resultant unsaturation would have destroyed adjacent asymme~ric 
centers. If such a situation is postulated, then there must exist at 
least one center of asymmetry elsewhere. An illustration of this sit-
uation is pictured below where a substance is shown having three 
asymmetric centers but two disappear when the ring opens. 
OH OH 
CH 
. 5 
.HO 
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This new compound could now ketonise to give: 
OH 
"""=o 
This leads to a poss.ible eJtplanation for the methylation of only 
seven hydroxyl groups and the previously mentioned strange increase 
and subsequent disappearance of the keto absorption without change of 
methoxyl content. 
To u nderstand the situation let us consider the structure of 
compound A to be: 
HO 
/; OH 
'----J OH 
This is in equilibrium with the form having open ring,s. Since 
one possible open ring form may have t~e keto structure previously shown 
· we may have present in the original compound a modest proportion of 
this thus accounting for a moderate keto absorption. After two treat-
ments with dimethyl sulfate and two treatments with diazomethane the 
structure may be pictured as follows : 
/i. OCH., 
'-----'OGH3 
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The ortho phenolic hydroxyl group may be unmethylated since it 
is known to be non-acidic in flavanone type structures. On further 
treatment with diazomethane no increase in methylation occurs but the 
keto group enolises and ring closure occurs with loss of the keto ab-
sorption giving the structure below: 
OH 
CH30 ~ j OCH3 
OCH3 
Let us n~w consider the formula suggested by Williams (1~0) (p 26) 
which evidently has been influenced by the work on catechin and the 
speculations of Russell . It does not account for the production of 3, 5, 
dinitro 2~ 4 dihydroxy benzoic acid and does not have a terminal methyl 
group not the · empirical formula found in this work. By making certain 
changes the following formula may be obtained: 
OH 
OH 
OH 
'\ OH 
'/ 
II OH 
ff OH 
In this structure the elemental analysis is satisfactory . It provides 
for a terminal methyl group and can explain the production of resorcinol, 
3, 5 dinitro 29 4 dihydroxy bonzoic acid, styphnic acid , and veratric acid 
from the methylated derivative . Since there are seven phenolic groups, 
would expect a heptamethyl derivative as found . With opening of the rings 
containing the ether oxygen the undecacetyl derivative would be expected as 
found . Both methyl and acetyl derivatives could be optically active in 
line with the observed optical activities . Acetylation of the methylated 
derivative could give the diacetyl heptamethyl derivative which was obtained. 
No simple explanation is forthcoming as to why the rings don't open in 
this case . 
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On deacetylation of the acetyl derivative of the proposed structure 
the two acetyl groups on the aliphatic hydroxy positions could be expected 
to remain. Perhaps the third acetyl is retained in the hindered position 
ortho to the methyl group due. to steric hindrance. 
The loss of a methyl group with silver oxide and methyl iodide 
remains un.explained. The appearan.ce and disappearance of the infra-red 
absorption at 5.83 microns (the keto regj.on) in the methylated derivative_ 
maybe due to the possible opening of the ether ring_s and ketonisation oi 
the enol thus formed. 
The formula suggested fails to account for the laSs of nine carbon 
atoms from the skeleton to give the c22 breakdown products. 
Although it is possible to form a model of the suggested structure, 
the hydroxyl groups are greatly crowded and rotation about the bond 
joining the two halves of the molecule is not possible. 
The bromo derivative appeared to have been formed by substi~ 
tution as the number of bromine atoms present equaled the number of 
hydrogen atoms absent from the original substance. This is in line with 
the usual high reactivity of phenols toward bromine. 
The nitro derivatives indicate the formation in good yielp of-a 
breakdown product having about sixteen or seventeen carbon atoms. 
In the case of the substance obta_ined from the extract is appears that 
there are two carboxyl groups present. The fluorescein reaction seems 
to indicate that they are probably ortho to one another. Since the nitro 
derivative obtained from the methylated compound did nat fluoresce it · 
appears that this condition does not prevail here. 
The preparation of a nitro derivative and the complete elecidation 
of its structur'e appears to offer the best course for future work. Certain 
important difficulties are involved. The nitro products are inherently 
unstable. They. are also very unstable toward oxidation and are complete-
ly oxidized very easily. By giving due consideration to these factor:s in 
future work it should be poss.ible to unequivocally determine their 
structures .and from them proceed rapidly to an unfolding of the structure 
of quebracho itself. 
Summary 
An empirical formula has been developed for the tanning constj..-
tuent of quebrachc:pr~·sent in largest quantity. An acetylated derivative 
has been prepared showing that all the oxygen functions are present as 
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or may be converted to, hydroxyl groQ.ps. Deacetylated, methylated, 
combination acetylated and methylated derivatives, and a brominated 
derivative have all been prepared whose empirical formulas are in con-
sonance with the one proposed for the quebracho extract. Resorcinol 
and veratric acid have been isolated by degradation of the ·extract and its 
methylated derivative. Certain intermediate breakdown products have 
been isolated some of which offer a promising line of attack for future · 
work. One terminal methyl group was found. Various possible structures 
have been suggested and their relation to the experimental data discussed. 
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PART V 
ADDENDUM 
Black wattle tannin is obtained from the bark of various species 
of Acacia which grow in Australia and Africa. It is classed as a phloba-
tannin because of the formation of a red insoluble precipitate when boiled 
with aG4d and because of its fa_ilure to hydrolyse. Work on its structure 
has been reported by several authors including Corbett, (11) Heugh (33) 
and Roux (82). Much attention was given to purification and methylated 
and acetylated derivatives were prepared. Tbe following products ha.ve 
been reported.as being obtained from the tannin or its methylated deriv-
ative·by alkaline-_fus1on, permanganate ox_idation. and the action of nitric 
acid: -
Resorcinol 
Gallic acid 
Monomethyl resorcinol 
Trimethyl gallic acid 
Veratric acid 
Styphnic acid 
3, 5 dinitro, _ ~ 4 dihydroxy benzoic acid 
5 - nitro - 2, 4 dimethoxy benzoic acid 
.Raux (82) considered the structure of the tannin to be a mixture 
of polymers having as a fundamental unit 3, 7, 3 ', 4 ' y 5' pentahydroxy 
- 2 phenyl-chromane which units were joined through ether linkages. 
Certain results reported and recapitulated by Raux are of especial -, 
interest in view of the light thrown upon them by the present work on 
quebracho tannin. 
Raux reported average values by Corbett as: 
c 61.65 H 4.57 
and for tannin burned under slight pressure: 
c 61.59 
He then pointed out that: 
c15 H14 06 re.quires 
c o2,.,G7 
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H 4.77 
H. 4.83 
and C15 H13 o6 requires 
c 62.29 H 4.50 
, The formula C 15 H13 0 6 9 however, is not a possible formula under prdinary valence rules. If it were doubled, it would be satisfactory. 
For the methylated derivative Roux gave: 
c 66.09 
Found C 65.87 
H 6.10 
H 6.16 
For the acetylated de.rivative he gave: 
MeO 35.9 
MeO 36.5 
Calc. c15 H9 0 2 (0 Ac.)4 
c 60.94 
Found C 59.99 
H 4.59 
H 4.73 
Ac 36.8 
Ac 37.8 
His calculated values for the acetyl derivative were in error and the 
experimental values are in much better agreement with the correct 
theoretical figures. The latter are ~ · 
c 60.39 H 4.63 Ac 37.6 
The absence of terminal methyl groups was reported and trlmethyl 
gallic acid was found among the oxidation products ofthe methylated. 
derivative. 
The formula for purified quebracho tannin found by the prese'nt 
author was: 
C31 H28 011 - 0.5 H20 
When changed for the addition of one hydroxyl group and the removal 
of one terminal me~hyl group it becomes: 
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The calculated values are ~ 
c 61.33 
Roux reported C 61.59 
H ... 63 
H 4.77 
Since by analogy there are apparently eight hydroxyl groups 
available for methylation (seven in quebracho) the analogous formula 
becomes: 
C30 H18 04 (OCH3)8 
·'.calc. C 66.07 H 6.13 Me036.0 
which is just double the formula given by R.oux and of ·course has-: the 
same elemental analysis. The values fotmd by Roux were: 
H 6.16 MeO 36.5 
The acetyl derivative would likewise have tw.ice his molecular weight 
and with corrected computations gives: 
Found 
Calc. c 30 H18 0 4 (OCOClia)8 
c 60.39 
c 59.99 
H 4.63 
H 4.73 
Ac 37.6 
Ac 3~.8 
If black wattle tannin could be acetylated fully in the same manner 
as quebracho the similarity would be very striking._ In order to accomp-
lish this the tannin was subjected to a short solvent purification similar 
to that used in the case of quebracho. The cream.-w hite product was 
acetylated thrice and the product analysed. The results follow: 
Found 
c 59.89 
c 59.90 
60.18 
Calc. c 30 a14 (0 Ac.)12 
H 4.65 
H 4.48 
4.18 
Ac 47.69 M.W. l~ 
Ac 47.35 M. W. 926 
48.66 926 
It is evident that all the oxygen atoms are required for tbe.-
acetoxy groups. The x-ray diagram of the derivative did not show-tbe 
crystallinity founc;I m the quebracho derivative, f)ut they were otherwise 
identical. It was concluded that quebracho and -.attle probably have t_!le 
same general structure and that the former has the basic formula: · 
and the latter: 
c31 H.28 °11 · 
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PART VI 
EXPERIMENTAL 
- 60--
KEY 
A - Extract purified by acetone 1 ethyl acetate 1 ether and methyl isobutyl 
ketone. 
B "" Extract A passed through ion exchange resin. 
C - ·Extract purified by acetone 1 ethyl acetate and ether. 
D - Extract C puriUed by calcium oxide treatment~ 
X- 11 X-21 x~a ~ X-4 - Fractions of methylated A. 
X-l-M, X ... 2-M? x ... 3- M1 X-4-M- The above methylated once more. 
MA-Extract A methylated in large quantity. 
R - Degradation product obtamed from X -1 by permanganate oxidation. 
S - Degradation product obtained from X -1 by alkaline fusion. 
T - Acetyl derivative 
U - Degradation product o,btained from MA by alkaline fusion. 
AN = Nitration product of A. 
AN I -Nitration product of A. 
AN M- Methylated der ivative of AN. 
M A N=Nitr aUon product of M A. 
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PART VI 
EXPERIMENTAL 
A. ISOLATION OF SUBSTANCE A FROM QUEBRACHO 
BY SOLVENT TREATMENT. 
A total of 1900 gm. dry ground quebracho extract obtained from 
the American Oak Extract Co. was rotated .in a bottle for 6 hrs. in four 
batches using the following proportions of solvent(5h · · 
500 gm. quebracho extract 
700 cc. water 
750 cc. Acetone 
1500 cc. ethyl acetate 
The layers were separated using a strong light to help locate 
the interface and each evaporated to dryness on a steam bath, the -
solvent layer yielding 1 ~070 gms. A second solvent extraction of the -
solid from the water layer gave 132.5 gms. more . The solid from the 
solvent layer was ground very fine and extracted in a Soxhlet apparatus 
with ether for one week. The solid was allowed to dry and then permitted 
to stand at room temperature in contact with methyl isobutyl ketone 
until no more material dissolved (one week). The undissolved portion 
was filtered and further treated until no more solution occurreda The 
methyl isobutyl ketone was evaporated on a steam bath and the solid 
further dried in an oven for 2.5 hrs . at 109°C. For analytical purposes 
it was dried in an Abderhalden pistol at l37°C. for 2 hrs. 
Calc. 
Found 
1. ANALYTICAL DATA 
C31 H28 011 • H20 
c 62.62 
c 62.70 
62.91 
N 0.67 
0 .. 62 
H 5.09 
H 5.48 
5.22 
MeO 0.5 
0.5 
. -62-
J!20 3.03 M.W. 
H 20 3.15 M.W. 
Av. 
594.6 
23'1 
210 
227 
215 
22a 
2. WATER ANALYSIS 
The water determination was made by the Karl Fischer method. 
Substance A (0.1.98.7g_.) was treated with 3.385 cc. iodine-pyr'idinesulfur 
dioxide solution and titrated with 1.41 c.c. standard water ·in methanol 
solution. One cubic centimeter of methanol was .equivalent to 0.414 cc. 
iodine solution. The :ratio of water to iodine was 0.0022.3 using sodium 
acetate as a standard. 
100(3.385-1.41 x .414) x .002.23= 3.15% water 
0.1987 
3. BEHAVIOR ON HEAT1NG 
Substance A started to swell and lose vapor at 200°C. and began 
to darken at 240°C. A sample was heated one hour at 210°C. and lost 
10.8% of its weight becoming water insoluble. It remained acetone 
soluble, however , and .rapidly decomposed at 240°C. When an aqueous 
solution of product A was boiled in an open beaker, it formed a small 
amount of insoluble material? probably by oxidation. 
4. PAPER CHROMATOGRAM 
A paper chromatogram of s,ubstance A was run by shaking a 
mixture of 40 parts butanol, 10 parts a.cetic and 50 parts water, 
separating , and pla.cing the s.olvent layer in the trough holding the 
.paper, and the water layer ·in the jar. It was covered by a glass 
bell jar and placed in a room a.t constant temperature for 22 hours. The 
chromatog;ram showed two yellow fluorescent spots having Rf values of 
0.11 and 0.64. The .Rf value is the ratio of the distance traveled by the 
spot to the total distance run by the solvent. The same results were 
obtained with a solution of 2 parts butanol? 1 part propanol and 1 part 
0.1N hydrochloric acid. The solution was put in both the trougb and the 
jar. The spots only appeared when a large concentration of material 
was us.ed. A platinum ring ? three millimeters in diameter was used for 
spotting an 0.1% solution of the compound using three to fifteen appli-
cations. Most of the material appeared to remain stationary as a brown 
spot. The results appeared to indicate that the spots represented minor 
impurities. 
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5. ANION EXCHANGE RESIN TREATMENT 
An anion exchange column was prepat"ed using 5 gm. (10; cca) 
of ffiA400 resin (Resinous Products Co.). It was activated with lOO.cc. 
5% sodium hydroxide solution at a flow rate of 1/8 cc. per minute .per 
cc. resin, then washed with 100 cc. water at twice the previous rate~ 
A solution of 0.3 g. of compound A in 250 cc. water (dissolved hot and 
filtered) was allowed to pass through at the 1/4 cc. rate . 100 ce. water 
was then put througha.t.the same rate . 
The solid (0.23g.) was recovered from the effluent and this was 
chromatographed in butanol propanol-hydrochloric acid showing the 
same two spots with the same Rf values. 
6. ALUMINA CHROMATOORAM 
Substance A (0.5g.) in 300 cc. acetone was passed into aR 
alumina column 8 mm. in diameter and 200 mm. in length. The 
effluent on evaporation yielde.d .O.l5g. of product. · This product w:as. 
chromatographed on paper using the hydrochloric acid solution 
previously mentioned. The same spots were observed. The material 
retained by the column fluoresced yellow and could only be removed by 
strong acid which was most undesirable due to possible transformations. 
The recovery from the effluent was low so the method was abandoned. 
7. TANNING TESTS 
Dried kangaroo taU tendon was rehydrated by water immersion 
for at least three hours. A solution of crude quebra.Cho(0.125%) in 
50% methanol was used for tam.l!lfurng the tendon. The tendon was immersed 
in the solution for four days . The maximum shrinkage temperature of 
the tendon was 78 o C. and occurred at pH :::::o 3 . 
Purified substance A was tested in simHar manner as a 3% 
solutl?n in 20% methanol. It gave a maximum shrinkage temperatur~ 
of 78 ·c. This occurred at pH = 1.6. . 
B. PREPARATION OF SUBSTANCE B FROM SUBSTANCE A 
BY ANION EXCHANGE COLUMN; 
A large anion exchange column (64 em. long) was prepared using 
2,3 20 cc. resin (volume measured after 5% sodium hydroxide 1mniersion) . 
Affertreatment :witfi ·241iters 5% sodil!rrr-h:yrlroidd~ ~olution :followed_by .. · 
by distilled water until no longer alkaline 9 a solution of compound 
-.64-
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A (90 g. f iltered) in 50 liters water was allowed to pass through followed 
by wash water . The effluent was evapor'\lted to dryness on a steam bath, 
the residue dissolved in acetone 9 14.2 g. insoluble residue filtered out 
and the solution yielded 58 g. product B. whereas 17.8 g. was retained 
by the column. This latter mate r ial gradually passed into solution from 
the resin on long standing in water . 
Compound B was dried four hours at l25°C. in a drying pistol... 
c 
H 
N 
~0 
M~W. 
MeO 
Analysis of B 
61. 28 61.28 
5.16 5.03 
0,59 0.55 
4.05 
(Insol. ~a~phor) 
0.5 0 .5 
! 
Calc. C31 H280,, 1.5 HfiG_· .· 6'1.~9 . 
5.18 
4.47 
603 .56 
Water analysts - A 0.1967 g. sample was treated with 4 .. 858 g. 
iodine complex and titrated with 3.106 cc . methanol (l cc.=0.414 iodine) 
lOOx (4,858-3 0 106Jf0.414);K.00223 (factor ~ = 4.05% 
0.1967 - . : 
C. ISOLATION OF SUBSTANCE C BY MODIFICATION J· 
OF SOLVENT TREATMENT 
This was prepared the same as compound A except that it was 
not given the methyl isobutyl ketone treatment 9 and so contained the 
mater ial insoluble in this solvenL 
Calc. C 21 H:z8.0jj . o 3H.20 c G8.1l!) .. H"5.4 
F ound C 59.3 H 5.5 MeO 1.8 
D. PREPARATION OF SUBSTANCE D FROM SUBSTANCE 
· C BY THE USE OF S~ID CALCIUM OXIDE~ 
I 
Substance C (20 g.) was dissolved in 300 cc. acetone , 12 ~ 
calcium oxide was added 9 then 60 cc. water was . stirred in. The 
solution gradually changed from a r ed color to a muddy color. 'l'his 
was taken to indicate a s low absorption of the dissolved material on 
the calcium oxide. The precipitate was filtered9 washed with acetone 
and suspended in 400 cc. water . The suspenslon was stirred to · 
dissolve any soluble materia l 9 fHtered and again washed with water. 
TJte precipitate was then suspended in 400 cc. water and a solution of . 
55 cc . _glacia l acetic acid dissolved in 80 cc . water gradually added. 
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Following this 9 25cc. con~entrated hydrochloric ~cid was gradually added 
to bring the pH to 1 or until nearly all the precip~tate had disappeared. 
The undissolved material was removed by filtrat~on 9 the solution extract-
ed twice with ethyl acetate9 the ethyl acetate layer washed once with 
water 9 then dried with sodium sulfate followed by calcium sulfate . Dn 
evaporation of the solvent 8.3 g. of red solid was obtainsl(D). It was 
dri~d 4 hours in a pistol at 125 o C. 
Found 
Calc. C31 ij280 11 • 2H2 0 
c 60.87 
c 60.51 
60.63 
H 5 .. 27 
H 5.17 
5.04 
H2o 5.88 
E . DIALYSIS OF SUBSTANCE C. 
MeO 1.0 
1 .. 0 
, These experiments were performed by immersing a cellophane 
· bag ~ontaining a solution of the compound in a solvent in the same or 
a different solvent. The whole was contained in a closed flask and the 
outer solvent changed at intervals. Ex. substance C (3.0 g.) was dis:-
solved in 40 cc. absolute alcohol9 put in a cellophane bag (.0012 in. in 
thickness) and immersed m 150 cc. alcohoL A week later, it was 
again replaced. A total of Ll g. was recovered from the outer lar_er 
after one month. When the dialysis wa9 performed in acetone 64% 
passed through the film. After dryirig four hours at 12.5°C. in a pistol 
the latter material analysed as follows~ 
Found 
Calc. C31 H2a011 
c ~0 . 87 
c 60.69 
60.59 
. 2H2 0 
H 5 •. 27 
H 5.01 
4.89 
F . ATTEMPTED DISTILLATIONS 
An effort was made to distill both substance C and substance D. 
The pressure was reduced to less than 0.1 micron. The temperature 
was gradually raised untH the substance had carbonised. In the first 
case less than one milli&tam of sticky product was obtained. In the 
second case notpflng was obtained. 
Substance A (lO g.) was s lowly decomposed over an 8-hour 
period by heating m a distilling flask at 2. 5 mm. The temperature 
was slowly .raised until the bottom of the flask had caved in. A white 
crystalline solid appeared in the side arm of the flask, was taken up in 
acetone 9 and then the solvent allowed to evaporate .. The crystals remain-in~ (0.1 g .) gave a deep green color with ferr ic chloride and melted about 
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38°C. The melting point was un.changed by sublimation. The substance 
was water soluble~ not acidic to litmus and failed to give a phenylhydra-
zone with phenylhydrazine and acetic acid. It gave a precipitate with 
lead acetate solution in the presence of acetic .acid. This reaction and 
the green color with ferric chloride are characteristic of catechol but 
not of resorcinol nor hydroquinone. In ammonia its solution darkened. 
. This is characteristic of hydroquinone but not of the other two phenols 
mentioned. The melting point could not be improved. The substance 
appeared to be a eutectic of which catechol forms a great many. It is 
probable that it was principally catechol. · 
Calc. c6H6o2 
c 65.44 
F.ound 65.70 
65 .98 
H 5.49 . 
5.53 
5.44 
Substance A was slowly distilled with several times its weight 
of zinc dust until carbonised. No product was obtained. The same 
experiment was repeated us.ing anhydrous aluminum chloride in place 
of zinc dust with the same result. · 
G. METHYLATION OF SUBSTANCE A 
1. PREPARATION OF METHYLATED SUBS,TANCES 
X :-1 to X-4 
A 2 liter flask was placed on a steam bath and fitted with gas 
inlet~ reflux condenser ~ two dropping funnels and glass seal stirrer. 
A solution of 100 g. Compound A in 400 cc . meUm.pol was put in the . 
flask and nitrogen gas passed over the surface furing the reaction. Irl 
one dropping funnel was placed 60.3 g. (1.5 mols) sodium hydroxide 
(99.5%) in 100 cc. water and in the other 133 cco (1.43 rriols) dimethyl 
sulfate in 115 cc. methanol. Using no heat ~ three-quarters of each 
solution was allowed to run in over a one hour period. Then the steam 
was turned on and the mixture brought to the boiling point and the remaiA-
der of the solutions run in over a 20 minute period. The steam was 
turned off and the mfi.xture allowed to stand overnight . Water containing 
hydrochloric acid was then added and the precipitate filtered and washed 
with water . The moist soU.d was returned to the flask~ 400 cc. of methano-l 
added and one -fourth the previous amounts of alkali and dime thy 1 sulfate 
were run in to the refluxing solution over a 25 minutes 1Jerf0d' unaer . 
Jiitrogen gas, followed by boiling 35 minutes under a refluX: condenser. 
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After cooling the solution was poured into water containing hydrochloric 
acid, the pink precipitate collected and water washed. It was then dried 
one hour at 109°C. The pink color appeared to deepen somewhat in light.. 
,The 107 G. obtained was dissolved in 1800 cc. absolute alcohol and 
16.8 g. diazomethane in ether was added and the mixture left in the ice-
box two days. The precipitate was collected (71 g.), dissolved in 300 cc. 
benzene at room temperature , a small amount of flocculent residue 
removed and the solution poured into hexane with rapid stirring, the 
cream colored precipitate collected, air dried, then oven dried 3 hours 
at 109°C. giving 56.5 g. cream colored product. The ether alcohol · 
solution was likewise precipitated with hexane and dried giving 21 g. 
more product. The material was immersed in 700 cc. absolute alcohol 
for 2 hours at room temperature, the undissolved portion removed, ground 
in a mortar with fresh alcohol and the combined filtrates e!laporated. 
The product( 55.4 gJ was dissolved in 300 cc. benzene , a small amount of 
sediment removed and 2.0 g. diazomethane i.n ether added. After standing 
overnight excess ether was added, the precipitate collected, ether washed~ 
let dry 10 minutes in air , then one hour at 109°C (45 g.). The filtrate 
was evaporated to 75 cc. ? cooled? poured into ether and the pure white 
precipitate (X.-1) collected. It weighed 5 g. and melted at 152-3 °C. 
The 45 g. quantity was boiled in 800 cc. absolute alcohol decanted from a 
small amount of undissolved material? reheated to boiling and again de-
canted. On cooling to rppm temperature a precipitate (F) formed. The 
filtrate was reduced in volume added to ether and 5 g. of solid (X-3), 
mp 173 -4°C.? collected. Substance F was dissolved in benzene, precipi-
tated with ether ? the precipitate dissolved in hot alcohol (700 cc.) a residue 
removed and the solution precipitated with ether giving 7 g. (X -4), mp. 
199-200°C. The solution on standing deposited 0,9 g. more solid of mp. 
197-198 ° C. The filtrate was reduced in volumt , ether added and a further 
· precipitate (4.5 g.) collected having a melting point of 181-3 °C (X-2) . 
Mp. Ave . %H Ave. %c Ave. M.W. % MeO 
X-1 152-3 6.41 67.39 543 31.4 
X-2 181 -3 5.46 66.05 529 30.9 
X-3 173-4 6 .. 24 65 .89 675 30.6 
X-4 199-200 6.04 65.49 665 30.6 
. -::.6.8-
2. PREPARATION OF METHYLATED SUBSTANCES 
X :"' l - M TO X-4- M 
A further methylation of the X products was performed by adding 
1 g. of each to benzene and treating wfi.th 17 cc. of a diazomethane solu-
tion containing 2.8 g. per 100/ cc. benzene. After standing three days 
the solutions were evaporated and the residues washed with ether. 
Mp. Av. %H Av. %c Av. M.~w. %Me0 
X-1-M 149.5-15095 6.24 66.45 533 31.4 
X-2 - M 160-175 6.26 66.26 539 30.2 
X-3 - M Ca. 202 6.28 65.81 702 30.2 
X-4-M 185-6 6.28 66.45 648 30.2 
3. PREPARATION OF METHYLATED SUBSTANCE MA. 
A new methylation of substance A wa::; carried out with certain . 
changes. After all the dimethyl sulfate was pldded~ ,the refluxlng was 
continued for 30 minutes ~ the solution cooled· and added to dilute hydro-
chloric acid. The solid was washed and kept in the dark. The second 
methylation was carr ied out with the damp solid dissolved ln 400 cc. 
methanol and 500 cc. ethanoL 100,5 g ~ of pink- colored light sensitive 
solid was obtained. It was dissolved in 150 cc. ethanol plus 50 cc. dry 
benzene and 11.2 g. diazomethane m 400 cc. benzene was added and 
the whole let stand overnight. It was then precipitated with ether, 
collected, redissolved in benzene , precipitated with ether ~ redissolved 
in benzene and treated with 5.6 g. diazomethane in 200 cc. benzene , and 
let stand 3 days. A slight res idue was removed, the solution poured into 
ether and the precipitate collected (58 g.). The soluUon on concentration 
gave a further precipitate (6 ~. ) having the highest methoxyl content 
encountered at anyt j.me (31.6 1o). The mann bulk (58 g.) contained L55'fo+L 
A portion was boiled in carbon bisulfide ~ the undissolved portion collected, 
and heated on a steam bath to remove solvent. It was dissolved in hot 
methylaL A small portion did not go into solution and was filtered out . .. 
On chilling a precipitate appeared which was collected on a filter padded 
with dry ice. While on t he fHter 9 it was washed with cold ether , then 
allowed to come to room temperature. The precipitate was again dis-
solved in hot methylal, an insoluble portion filtered out and the solution 
chilled m dry ice and acetone. The Uquor was decanted and the solid 
redissolved in methylal. The solution was decanted from a small insoluble 
portion and the Hquor chilled to - 50 '"C . A precipitate appeared and it 
was collected on a dry ice pad and ether washed as before . It was 
collected and dried in a pistol Hve hours at 137"C. The melting point 
of the product was 171 -2WC with decomposition. 
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c 66.76 
Found C 66.68 
66.45 
H 6.34 
H 6.47 
6.40 
MeO 31.8 
M~O 3LO 
3LO 
H20 L32 lf20 1.30 
M.W. 683 .. 7 
M.W. 704,655 
685~668 
Av. 678 
Found N 0.70 
0.52 
End methyl (no. of groups) 0. 70 
0.52 
4. CHROMATOGRAMS OF SUBSTANCE MA 
Paper chromatograms of product MA were run using 40 parts 
butanol~ 10 parts acetic acid~ 50 parts water and also in ethyl acetate -
water in the usual mann~r by spotting with a 0.1% solution. No spot 
separations were observed in visible or ultraviolet light. The use of 
aluminum chloride ~ fer:ric chJoride ~ ferric chloride, sodium carbonate , 
lead acetate and Folin -1lennis phenol solution all failed to reveal any 
separation. 
H. LOSS OF METHYL GROUP WITH METHYL IODIDE AND 
SILVER. OXIDE 
The follow ing was refluxed for e ighteen hours: 
0.5 g . MA (methylated product) 
L5 g. silver oxide 
1 cc. methyl iodide 
3 drops pyridine 
20 cc . acetone 
The residue was filtered out and the solution reduced in volume 
and poured into water . A precipitate appeared and was removed by 
filtration and sucked dry . It was suspended in ether and the undissolved 
portion collected by filtration . The residue was dissolved in chloroform.. 
A portion failed to dissolve. The suspension was boiled with Celite and 
charcoal~ the residue removed~ and the solvent evaporated. The residue 
was dissolved in acetone and precipitated with water. Only a small ~. 
amount precipitated and this was removed. Methanol was added to the 
filtrate . A granular precipitate appeared. The light brown solid was 
dried two hours in a pistol at 125 "C. Yield - 0,05 g. It sintered at 
168- C and had no clear melting point. \ 
Calc. ~1 B 47 __ D5 (OCH.3 )~ .RA 0 
C 65.47 . li 6.24 MeO 27.43 
Found C 65 .50 H 6.04 MeO 27J~5 
65.79 6.24 27.40 
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I. ABSORPTION SPECTRA1 OPTICAL ACTIVITY 
AND X-RAY DIFFRACTION DIAGRAMS. 
The infra -red measurements were made on a Baird Associates 
Double Beam Infra-Red Recording Spectrophotometer. Substance A 
was used as a nujol mull? but the nujol absorption was not subtracted. 
Its spectrogram is included for comparison. The other substances wem 
measured in chloroform and the chloroform absorption was subtracted. 
The spectrogram of chloroform is also given. 
The ultraviolet measurements were made on a Model D U Bec~man 
Quartz Spectrophotometer. 
The x-ray diffracU.on diagrams were taken by Dr. Dreikorn of 
the United Shoe Machinery Corporation on the x-ray diffraction unit 
manufactured by the North American Phillips Co. 
The measurements of rotation were made on a Zeiss Polarimeter 
as follows ~ 
A solution of 1.5 g. X-1 (methylated product) in 15 cc. acetone 
was measured and found to rotate + 0. 94 o in a 1 dm. tube giving a value 
(c:t )D 26~+9o4 °. The same concentration in chloroform gave a value of 
0 27~ 0 
+ 1. 23 or ( ol) D =+ 1.2. 3 
A solution of 1.5 g X-3 (methylated product) in 25 cc. chloroform 
gave a value of 0.79° or (o<. )D:heo= + 11.1°. 
A solution of 0. 75 g. MA (methylated derivativeJ in 9.5 cc. 
chloroform gave a value of+ 0.92° or (o{)D 25·= + 11.7 
-
The acetvlated derivative (T) in acetone (1.5g. in 13 cc.) rotated 
0 t;o 0 
+1.58 or(c<. )D =+ 13 .7.- . 
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Infra-red absorption of substance X-3 (1. 5 g. in 25 cc. chloroform) in an 0. 25 mm. 
cell versus a chloroform comparison . 
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X-ray Diffraction Diagram of Acetyl Derivative (T) of quebracho showing crystallinity 
X-ray Diffraction Diagram of Acetyl Derivative of wattle showing no crystallinity 
J. ACETYLATION OF SUBSTANCE A 
L IN THE PRESENCE OF ZINC 
The following mixture was boUed fifteen minutes ~ 
10.0 g. Substance A 
60. cc. Acetic anhydride 
2.0 g. Tetraethyl ammonium bromide 
10.0 g. Zinc -dust 
1 cc. Triethylamine 
The solution was decanted and the solution boile.d with water to decompose 
the acetic anhydride . After cooling to room temperature the precipitated 
brown mass was collected by filtration. After d!ssol ving in boiling me-
thanol9 it was poured into water and the resulting white precipitate filtered 
off and dried in a vacuum. The product weighed 12.5g. and melted at 
155-175~C. Benzene did not completely dissolve it at room temperature 
so the benzene insolUble portion was filtered off. The benzene was -_ 
-.:evaP<lralea and lOg. 'recovered. A second acetylation was performea· 
by dissolving 10 g. in 30 cc. dimethylaniUne. Acetyl chloride was added 
and the solution allowed to stand forty - six hours. On dropping slowly 
into excess dilute sulfuric acid 9 a white precipitate appeared which was 
collected9 washed with methanol9 and chilled out of solution with stirring 
by dry ice -acetone. The whlite product (8.0g.) (T) was dried in vacuo 
two and one -haH hours at 127r c . It slightly softened at 151 ~ C. and melted 
at 153-5~C. 
c 
*Found C 
Me.O 
Calc. c 31 H17 (0 Ac) 11 (T) 
61.27 H 4.$5 Ac 45 .57 M.W. 1038.9 
61.48 H (54 Ac 46.49 M.W. 1020 
61.77 4.68 46.82 · ·, ·. 
0.33 N 0J07 
0.47 
The proquct is in~olqble in cold alkali 9 but ' dissolves gradually 
in boiling alkaH. - -
2. IN THE ABSENCE OF ZINC. 
The above preparaUon was repeated in every detail except that 
the -zinc_ dust was omitted and the benzene purification omitted. T~n 
* Note. As i; $ usual9 the elementary and functional group determinations 
were inade by commercial laJ:?oratorftes. 
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grams of starting material gave 10.8g. product. The substance softened 
about 162"C. but did not show a sharp melting point. 
Found C 61.48 
61.38 
H 4.56 
4.28 
Ac 45.28 
45.10 
The differences from the previous compound were not significant and 
were in satisfactory agreement with the calculated results. · 
K. DEACETYLATION OF ACETYL DERIVATIVE T 
The following was refluxed for 18 hours: 
1.0 g. Substance T (acetyl deriv.) 
2.0 g. Potassium acetate 
. 25 . 0 cc. Ethanol 
The residue was removed and the solution poured into dilute 
hydrochloric acid, extracted with ethyl acetate and dried with calcium 
sulfate and 0.2 g. deep red-brown product recovered by evaporation in 
vacuo on a water bath. It produced a dark color with ferric chloride and 
lost moisture with decomposition on being heated. The undecacetyl 
derivative (T) does not give a phenol test with ferric chloride. 
c 60,90 
Found C 60.94 
c 61.09 
H 5.11 
H 4.85 
H 4.81 
.Ac 17.70 
Ac 18.70 
Ac 18.49 
Roux (82) has r eported that acetyl values tended to be somewhat high 
in his work on black wattle tannin. 
L~. Acetylation of the Methylated Substance (MA) 
The follow ing was boiled for fifteen minutes: 
2 g. Methylated product (MA) 
15 cc. Acetic anhydride 
0.4 g. Tetraethyl ammonium bro'mide 
2 g. Zinc dust . 
0,5 cc , Triethylamine 
The solution was decanted and boiled with water. The precipitate was 
collected and dissolved in hot methanoL The undissolved part was re-
moved. On chilling the solution a precipitate appeared. It was dried . 
two hours in a pistol at 125°C. The white produCt melted at 163.5-165°C. 
and weighed 0.6 g. The entire quantity was dissolved in 10 cc. dimethy-
laniline and 5 cc. acetylchloride was added. After standing overnight it 
was dropped into excess dilute sulfuric acid with stirring. The precipi-
tate which formed was washed with water and dissolved in hot methanol. 
An insoluble residue was removed and the solution chilled in ·ice. The 
resulting cream precipitate was dried two hours at 125°C. in a pistol. 
The product weighed 0.4 g. and melted at 174-5 °C. 
Found 
c 66.48 
c 66.45 
. 66.49 
H 6.11 
H 5.71 
. 5.73 
MeO 28.63 Ac 11.35 MW 758.8 
MeO 26 .95 Ac 10.79 
27.19 10.40 
M. l PRODUCTS RESULTING FROM ACTION OF NITRIC ACID 
l. NITRIC ACID WITH SUBSTANCE A 
A beaker was immersed in water slightly below room temperature. 
Substance A (5 g.) was put in the beaker and 35 cc. cone.; nitric acid 
was added carefully with shaking. Heat was then applied at intervals 
until the volume had been reduced to 12 cc. On chilling the solution 
oxalic acid crystallised out and was removed. The material was 
identified by neutralisation equivalent 63 (theor = 66) . It reduced 
permanganate and its ammonium salt had the same melting behavior as 
ammonium oxalate. The filtrate from the oxalic acid was treated with 
ether ~ the ether layer separated and the other lay.er dissolved in acetone 
and precipitated as an on with petroleum ether. The oil was separated 
by decanting and dissolved in acetone and the solution evaporated to dry-
ness~ the residue dissolved in alcohol and poured into exce-ss ether. 
A dark fluffy precipitate appeared and was removed~ the solvent evaporated 
and the residue boHed in chloroform. The undissolved part was collected. 
The solid was triturated under ether and the soUd remaining undissolved 
was dried at 109°C. for 30 minutes then at 125°C. in vacuo for 1 hour. 
Yield - 1.3g. yellow product (AN) . The substance started to darken at 
170°C. but had no melting poinL 
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Calc. c17H16N2o14 or 
C 43.2 H 3.4 
Found 43 . 1 3 . 7 
43 .0 3.6 
N 5.9 
6.2 
6.2 
MW = 472.3 
N.E. 219 
Water easily dissolved the substance. When heated with resorcinol and 
sulfuric acid and then made alkaline it gave the beautiful green fluor-
escence shown by fluoresce1n derivatives. 
2. NITRIC ACID WITH SUBSTANCE A 
PREPARATION OF PRODUCT (A N I) 
A solution of 150 cc . concentrated nitric acid in 75 cc. water was 
chilled to -13 °C. and 15 g. compound A was gradualll stirred in. The 
temperature was allowed to rise in 15 minutes to 25 C. and then lowered 
in 10 minutes to 17" C. and held there 15 minutes. Water was added and 
the solution extracted twice with ethyl acetate and the solvent layer washed 
once with water . It was reduced in volume in vacuo and poured into 
benzene. The jelly formed was filtered and sucked dry on the funnel. 
The residue was triturated in ether and the solid collected. The tritu-
ration was repeated twice more. The pr,vVuct was dried fifteen minutes 
0 ~ 
at 67 C. It was yellow -brown and weighed 10.2 g. 
Calc. c16H15o14N3 or c16H 15o8 (N02)3 
C 40.6 H 3.2 N 8.8 
Found C 40.7 H 3.4 N 9.0 
40.7 3.4 8.9 
M.W. 473 .3 
N.E. 217 
The water layer left from the ethyl acetate extraction was reduced 
in volume and treated with amf1lonia . On standing it deposited three and 
one-half grames of ammonium oxalate . This was identified by liberation 
of ammonia with alkali and confirmation with Nessler •s R.eagent. After 
boiling with dUute b.ydro.chfortc acid and ·eva:P9ratton·'lo dry11ess, · the residue was 
identified as oxalic acid by melting point behavior and liberation of gas 
with acetic anhydride and pyridine.., 
The nitro derivaUve (ANI) deflagratedon sudden heating. It de-
composed in less than ten minutes in an oven at 109°C. On an aluminum 
block it started to dar ken at 130'"' C. It was easily soluble in water, 
alcohol ~ methanol ~ and acetone , but insoluble in ether. Its water solution 
was deep yellow and fa iled to give a color with ferric ion ~ but a small 
amount of precipitate appeared. Tollen vs R.eagent was not affected, but 
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Fehling's Solution was reduced when heated. Schiff•s Reagent was unaf-
fected and no oxime could be obtained. No phenylhydrazone was obtained 
and no reaction occurred with thfi.onyl chloride nor with phosphorus 
pentachloride in tetrahydrofuran . 
. The product had a neutralisation equivalent of 217. lt gave a 
yellow-green fluorescent product on making alkaline the fusion product 
obtained from resorcinol and sulfuric acid. This indicated a dicarboxy-
lic compound of type capable of giving a fluorescein derivative. It gave 
a negative result in the ferric hydroxamate test for anhydrides. 
Ferrous hydroxide was oxidized to ferric hydroxide indicating 
the presence of a nitro or nitrate group. This was checked by running a 
blank. It failed the diphenylamine test for nitrates so it appeared to be 
a nitro derivative. 
A solution of the substance in one hundred percent sulfuric acid 
failed to give any ester on pouring into methanol. . On warming a solution-
of the compound in fifte~n percent hydrogen peroxide with a few drops 
of IN alkali it decompdsed and the acidi,fied solution yielded no fusible 
substance. 
A chromatogram of the nitro compound ( A N I) was run in the 
usual manner employing a solution containing two parts butanol, one part 
propanol and one part one -tenth normal hydrochloric acid. It was run 
for seventeen hours. It showed one strong blue fluorescent band under 
ultraviolet light having an Rf value = 92. L No other band appeared. 
No further bands appeared when phosphotungstic acid and ammonia were 
employed. 
On heating at 9o·c. for thirty minutes in 2 N sulfuric acid, the 
nitro compound showed no quaHtaUve change in properties. It was not 
soluble in acid solutions and this treatment did not change --its action with 
ferric chloride nor alter fi.ts general instability. It was still very soluble 
in water. 
On heating the compound in I N sodium hydroxide at the boiling 
point for thirty mD.nutes ~ followed by acidification and ethyl acetate ex-
traction, no change fu the qualitative properties appeared to have 
occurred. 
A study of the reduction of the nitro compound was made. It appear-
ed to be unaffected by ammonium sulfide, sodium hydrosulfite, tin and · 
hydrochloric acid, zinc and acetic acid, and hydrazine. It was subjected 
to two to three atmospheres pressure of hydrogen in the presence of 
Raney Nickel and of JlifLUnum oxide in both acid and alkaline solution 
without effect. 
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The faHure to obtain any fusible products by oxidation with alkaline 
peroxide has been mentioned. Oxidation . by concentrated nitric acid pro-
duced oxalic acid. Alkaline permanganate likewise gave oxalic ac.id and 
carbon dioxide and no other organic product. 
3. NITRIC ACID AND -WATER WITH SUBSTA_NCE A 
. The preparation of product AN was repeated using a solution of 27cc. 
concentrated nitric acid and 9 cc. water . The evaporation was omitted . 
. The mixture was allowed to stand one hour , then pour.ed into wate.r and 
extra.cted with ether. Dur·ing the extraction most of the material separated 
as a soft lump which was not very soluble in ether or water. It was dis-
solved in ethyl acetate , treated with charcoal, the solution dried with 
sodium sulfate and the solvent removed in vacuo on a water .bath. When 
practically dry , at a temperature of 80°C. , a violent explosion occurred and 
the product decomposed. 
4. METHYLATION OF THE NITRATION PRODUCT (AN) 
FORMATION OF SUBSTANCE AN M 
The nitration product (AN) (0.15g.) was dissolved in 15cc. ethanol and 
mixed with 1. 0 g. diazo methane in ether and allowed to stand three days 
at room te.mperature. Excess ether was added. A precipitate appeared. 
It was filtered off and washed with ether. The light tan product (ANM) 
weighed 0.05g. and was insoluble in water , but soluble in alkali giving 
a yellow s_olution. The product was dried one hour at 109 o C. It didn tt 
melt but started to darken at 220°C. 
Found 
c 48.39 
c 48.49 
48.53 
Analysis (ANM) 
H 4.06 
4..35 
4.05 
N 5.65 
5. 77 
5.59 
MeO 18.76 
18.25 
18.20 
5. NITRIC ACID WITH METHYLATED SUBSTANCE MA. 
FORMATION OF SUBSTANCE MAN 
The methylated extract (MA) (3 . Og.} was mixed with 20cc. 
concentrated nitric acid and boiled down in a beaker to a volume of 
7 cc. , then cooled. On dilution with wate.r a yellow precipitate appeared. 
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This was filtered off 9 washed with water and dried in a desiccator. The 
product was boiled with ether 9 the residue collected and the latter boiled 
with be-nzene, . The ·:residue was collected and dried in an oven at 62°C. 
for one and one half hours then at 110°C, for thirty minutes~ The pro-
duct weigbed 0,9 grams. The orange-colored product darkened at 190°C. 
but didn't melt. It was soluble in alkali. 
Analysis (MAN) 
Calc. c
19 
H5 N3 o14 
C 44.80 H 2.97 
Found C 44.72 2.87 
44.83 2. 76 
N 8.25 
8.26 
8.49 
MeO 12.2 MW 499,3 
13a2 
13.2 
6. ~XPEJUMENTS OF THE HYDROGENATION OF SUBSTANCE (AN I) 
An attempt was made to hydrogenate the following in a shaking 
bottle. No hydrog.en was absorbed. . ·· 
(a) 0.5g. Substance A N I 
75 cc. Absolute alcohol 
0.3g. Raney Nickel 
One hour - F fifty psi. 
(b) 0.5g. Substance A N I 
75 cc. Absolute alcohol 
0.2g. Platinum oxide 
Two and one-half hours - Forty - five psi. 
(c) 0.5g. Substance A N I 
75 cc. Absolute alcohol 
0.3g. Raney nickel · 
4 drops Glacial acetic acid - two hours - Forty psi. 
(d) 0.5g. Substance A N I 
75 cc. Absolute alcohol 
0 .. 2g. Platinum oxide 
4 drops Glacial acetic acid -. Two hours - Forty psi. 
(e) 0.5g. Substance A N I 
7 5 cc. Absolute alcohol 
0.3g. Raney Nickel 
20 cc. IN Alcoholic sodium hydroxide 
One hour- Thirty - four psi. 
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(f) 0 , 5g, Substance A N I 
75 cc , Absolute alcohol 
0, 2g, Platinum o~de 
20 cc , IN Alcoholic sodium hydroxide 
One hour - Thirty - four psi, 
7, EXPERIMENTS ON THE NITRIC ACID OXIDATION OF SUBSTANCE 
(AN I) 
One gram of substance AN I in 25 cc, concentrated nitric acid was 
boiled down to 8, 0 cc , It was made alkaline with ammonia9 then slightly 
·acid with acetic acid, On chilling9 a .crystalline precipitate of ammonium 
oxalate was obtained. It gave off ammonia on treatment with alkali 
(identified by odor and NesslerQs Reagent), It was acidified9 evaporated9 
and found to liberate gas in acetic anhydride and pyridine which is 
characteristic of oxalic acid, 
8, EXPERIMENT ON THE PERMANGANATE OXIDATION OF SUBSTANCE 
ANI 
One-half gram of substance AN I in 40 cc, water was heated for 
thirty minutes at 75-80°C, with 0. 5g, sodium hydroxide and 3. Og, potas-
sium permanganate , The unreduced permanganate was destroyed with 
sodium bisulfite , The manganes e dioxide was removed and the acidified 
filtrate extracted with ether yielding oxalic acid , This was identified as 
the phenylhydrazine salt showing a melting point of 174°C (reported 176°C), 
The solutions wer e carefully investigated and the manganese dioxide ex-
tracted with acetone 9 but no other product could be found. 
9 , EXPERIMENT ON THE PERMANGANATE OXIDATION OF SUBSTANCE 
MAN 
One-half gram of substance M AN in 40 cc , water was heated at the 
boiling point with 0. 6g, sodium hydroxide and potassium permanganate 
until no more was consumed (L 5g, )o It was worked up in the same man-
ner as the previous experiment, No oxalic acid was isolated and · only a few 
centigrams of a sticky mass wer e obtained which resisted purification. 
10. MISCELLANEOUS EXPERIMENTS 
Substance ANI in wate r solution was treated with 3% silver nitrate 
solution. No precipitate appeared. It gave no color with aqueous ferric 
chloride but a s light precipitate, When 1 cg, was fused with an equal 
weight of resorcinol in the presence of one drop of sulfuric acid9 then 
made alkaline with lN sodium hydroxide the deep green fluorescence 
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typical of fluorescein derivatives appeared. When treated with a siightly 
alkaline solution of ferrous ammonium sulfate~ the typical brown pre-
cipitate of ferric hydroxide appeared~ This indicated that substance ANI 
was either a nitro compound or a n.Urate. On treatment with diphenylamine 
and sulfuric acid no blue color developed so product ANI was not an. 
aliphatic nitro compound p.or a nitrate. 
Substance ANI gave no color wftth Schiff's Reagent nor did it re-
duce Tollen •s Reagent. On boi.Hng a few cenUgftams with an equal weig_ht 
of hydroxylamine hydrochloride and excess alkali. ~ no oxime was obtained. 
On treatment of 2 cg. in 3 cc. water with a drop of phenylhydrazine 
and a drop of acetic acid and w.armmg ~ no phenylhydrazone nor a 
phenylhydrazine salt could be obtained. 
The substance did not give a fluorescein reaction on .heating with 
phthalic anhydride and sulfuric acD.d.followed :.by aikali; 
· F.ehling 8S Solution was reduce·d when boHed· with the product. On 
warming 2 cg. with 3 cc of a 2% methanol solution of hydroxylanine 
-followed by the addiUon of a drop of aqueous ferric chloride, it failed 
to develop a red. color so it did not appear to be an anhydride . 
No reaction occur(red with boHmg thionyl chloride ~ nor with 
thionyl chloride in tetrahydrofuran nor with phosphorus peutachloride 
in the same sol vent. 
On dissolving m 100% sulfuric acid and pouring mto methanol no 
precipitate was obtafuned. Evapo-ration of the methanol and dilution with 
water gave no preci!.pitate. Evaporati!.on of the methanol and treatment 
wit~ other solvents gave no soli!.d product. 
When warmed with 30% hydrogen pel!."oxll.de .amld a few drops of lN 
sodium hydroxide it r api!.dly decomposed with evolution of gas. On 
acidification and evaporati!.on to dryness no fusible product re·maineda 
A chromatogram was run for seventeen hours using the hydr<f 
chloric acid solution discussed previously. It showed one strong blue 
fluorescent band having an Rf value of 92" 1. No further bands appeared 
on treatment with phosphomolybdate and ammonia. 
Substance ANI was heated in 2N sulfuric acid one-half hour at 
90°C. It did not dissolve. On being recovered by filtration it appeared 
qualitatively idenUcal with the starting material and was still water 
soluble ~ deflagrated as usual~ and gave the fluorescein test with resor-
ciool. 
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Product ANI was heated in lN sodium hydroxide at 100 9-C. for 
one -hall hour. On acidification and_ extr3:cU:on_ ---of the solution ·with 
ethylacetate and ·evaporation of the--organic -rayer·the ·substance ·re- · 
covered was again qualitatively identical with the starting materiaL 
A sample (0.0604 g.) required 2 ~ 78 cc. of 0.1N alkali to bring 
it to a pH of 9. This indicated a neutralisation equivalent of 217. 
N. ALKALI F U_BION EXPERIMENTS 
1. FORMATION OF SUBSTANCES !N THE ALKALI 
FUSION OF METHYLATED SUBSTANCE X-1\ ; 
A mixture of 0.3 g. product X - 1. 1.0 g. sodium hydroxide and 
3 cc. water was fused until brown-black in color 1 then dissolved in 
water, the insoluble residue dissolved in hot methanol and treated with 
charcoal. The filtrate was reduced in volume 1 poured into ether and a 
small amount of reddish fluffy precipitate removed. The filtrate was 
again reduced in volume and the process reneated. After evaporation of 
the solvent the residue was ground with ;-ether. The msoluble precipi-
tate was collected. It was light yellow 1 melted at 158.5-160°C. and~ ' 
weighed 0.09 g. After drying two hours in a pistol at 125°C. it analyzed 
as follows ~ 
c 63 .89 
Found C 63 .80 
63 .94 
H 6.16 
H 6.18 
6.24 
MeO 30.6 
MeO 30.4 
Alkali failed to dissolve the product. 
M.W. ·- 507.5 
M;,W . . 518 
508 
495 
502 
Av. 506 
2. FORMATION OF RESORCINOL IN THE 
ALKALI FUSION OF SUBSTANCE A. · 
A solution of 5 g. product A and 15 g. potassium hydroxide in 
30 cc. water was heated almost to dryness in a covered pyrex dish. 
After cooling and taking up in water it was acidified with hydrochloric 
acid1 extracted twice with ether 9 washed with water 1 then extracted with 
_sodium hydroxide solution. This solution was acidified with hydrochloric 
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acid, extracted with ether and the ether layer dried with sodium sulfate 
and evaporated, giving a black tar. This was next extracted witfi boiling 
benzene, filtered, and the filtrate treated with charcoal and evaporated 
to a yellow-brown oil which was water soluble. The oil was dissolved 
in carbon tetrachloride, small back particles filtered out, the solution -
dried with sodium sulfate and evaporated. The resulting oil was treated 
with chloroform which precipitated 0.08 g. of crystals of mp. 109-110°C. 
The reported melting point of resorcinol is 108-110°C. It gave theflu-
6-rescefu test made by he~ting with an equal weight of phthalic anhydride 
ln tbe presence of a drop of sulfuric acid and thEm making alkaline. The 
dibenzoate was prepared by heating a few centigrams with three -tor 
· four drops of benzoyl chloride in 2 cc. pyridine for a minute, then treat-
ing with water. The precipitate was washed with sodium carbonate so-
lution and crystallised from dilute alcohol and gave a melting point of 
115-116.5°C. The reported melting point is 117°C. 
3. FORMATION OF SUBSTANCES U (GJtJ)7,..0.5H20) 
AND C2~~8 IN ALKALI FUSION OFMETHYLATED SUBSTANCE MA 
a. FUSION WITH SODIUM HYDROXIDE 
Sodium hydroxide (15 g.) in 30 cc. water was evaporated and was 
fused with 5 g. compound MA to a brown-black color in. a glass 
evaporating dish with a wrex watch glass as a cover. Water was 
added and the insoluble portion collected. This was washed, dissolved 
in acetone, treated with charcoal and dried with sodium sulfate. After 
reducing to a small volume, the solution was poured into ether and the 
precipitate collected. It was dissolved in hot methanol, and the undis~ 
solved portion removed. On chilling a precipitate appeared and was 
filtered off. The solution was reduced in volume, chilled and a second 
precipitate collected. Both precipitates (1.48 g.) were dissolved in 
benzene, some insoluble matter removed and the solution poured into 
ether. The resulting precipitate was collected by filtering seven times. 
This fracti.on (U) weighed 0.8 ~·, was pink-red, softened slightly at 
l90~C. and melted at 201-202 C. 
c 68.19 
,Found C 68.3 0 
c 68.15 
H 6.57 
H 6.52 
H 6.39 
Alkali failed to dissolve the product. 
MeO (5) 32.6 
MeO 31.1 
MeO 31.& 
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b. FUSION WITH SODIUM HYDROXIDE 
AND POTASSIUM H YDROX.IDK. 
. . 
A mixture of 6.0g. potassium hydroxide and 4.0 g. sodium hydroxide 
was melted in a pyrex dish and -2.0 g. substance MA was gradually added 
and the whole warmed at inter.N'als until it 'all ,became brown and began to 
swelL The total heating time was twelve minutes. It was dissolved in 
hot watery cooled, and filtered through a si.ntered glass funnel. The re-
sidue was washed with water, methanol and ether. This was dissolved in 
benzene and an insoluble part removed; The solvent was evaporated in 
vacuo on a water bath yielding 0.85 g. product having a melting point 
198-200°C. The product was insoluble in water and alkali and camphor. 
Calc. <it~8o8 or <its~~~ (OCH3 )4 
C 67.49 H 5.87 Me,Q 25.83 
Found C 67.47 H 5.89 MeO 27.18 
67.35 5.80 27.35 
0. FORMATIONOF VERATRIC .ACID IN THE PERMANGANATE 
OXIDAT.!ON OF METHYLATED SUBSTANCE MA. 
Substance MA (5.0 g.) was placed in a flask fitted with reflux 
condenser and dropping funnel. A solution of 30 g. potassium perman-
ganate and 11 g. sodium hydroxide in 200 cc. water was gradually run 
in with refluxing until no more solution was decolorised. This required 
170 cc. and took two and one-half hours. The unreacted permanganate 
was destroyed with sodium bisulfite. The manganese dioxide was fUtered 
out and water washed; then the filtrate was reduced in volume and 
acidified with hydrochloric acid liberating a large volume of carbon 
dioxide (identified with barium hydroxide soluUon). On concentration a 
cream precipitate appeared which weighed 0.58 g. On sublimation a pure 
white product was obtained leaving a very slight (1 mg.) residue. On 
heating, water was lost above 100"C. This was followed by resolidification 
and melting at 179-180°C. with sublimation. Since L17 g. of starting 
material (idenUflied by melting pointy 171-2° C.) was recovered by 
evaporat~ the acetone extract of the manganese dioxide, then 3.83 g. 
gave a 15% weight yield of pure anhydrous veratric acid. This is a 
2.8% yield if one mole of substance MA yields two moles of veratric 
acid. 
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Calc. for veratric acid c9H10o 4 
c 
H 
MeO 
N.E. 
MW 
59.33 . 
5.53 
34.1 
182.17 
182.17 
Fowtd 
59.36 
5. 76 
33.7 
185 
167.5 
For the purpose of comparison an authentic specimen of 
veratric acid was prepared by oxidation of 1 part veratraldehyde by 
four parts potassium permanganate. The oxidation was performed at 
60WC. with carbon dioxide bubbling through the aqueous solution. It 
was filtered hot 1 the liquor extracted with ether and then acidified. 
It was recrystallised from water. The crystals obtained melted 
initially at 166 o C. 1 but after solidification melted at 177° C. The 
lower melting point may be due to the loss of the last traces of water 1 
but it is probably a melting point of a different crystal fbrfu and 
has been observed both here and with the veratric acid abtained by 
degradation. The low melting point does not appear after resolidifica-
tion and may cause one to be deceived into believing the substance 
is trimethyl gallic acid which melts at 1~7°C. 
The mixed melting point determination showed a slight softening 
at 173 °C. The mixture was completely melted at 180°C. 
An anilide of the authentic specimen of veratric acid was made 
by warming the acid gently with thionyl chloride. Anil~e dissolved in 
benzene was added and the warming continued for a minute. The mixture 
was treated with water 1 the benzene layer then washed with dilute 
hFochloric acid1 then with dilute sodium hydroxide solution and finally 
with water. The benzene was removed on a water bath in vacuo. The 
residue was boiled with carb6n tetrachlorid~ and the unreacted veratric 
acid (identified by melting point) remoyed. The anilide crystallised 
from the solvent. The melting point was 155.5-156°C. 
The anilide of the veratric acid obtained from the degradation 
was prepared in exactly the same manner. The melting point was 
156-8°C. and mixed melting point 154.5-155°C. 
Two previous attempts to prepare the anilide without the carbon 
tetrachloride treatment gave a very small yield of a couple of crystals 
of mp. 114-114.5 °C. 
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P . ATTEMPTED ISOLATION OF THRIMETHYL GALLIC ACID 
FROM THE PERMANGANATE OXIDATION OF METHYLATED 
SUBSTANCE MA. · ··· 
Compound MA (5 g. ) was added to a solution of 5 g. sodium .car-
bonate in 100 cc. water. Potassium permanganate was· then added with 
slight warming to get the reaction started. The temperature rose to 
72°C. and then fell and was maintained at 50° -60°C. The reaction 
consumed 20 g, of permanganate and took 4. 5 hours. The slight excess 
was destroyed with sodium bisulfite, the manganese dioxide removed, 
the water solution extracted with ether, the water layer reduced in 
volume, acidified and the precipitate collected, suspended in water, 
dissolved with ammonia~ boiled until neutral ~ charcoaled~ treated with 
hot silver nitrate solution ~ let cool and the precipitate collected .and 
washed with water and alcohoL Silver veratrate is insoluble in cold 
but soluble in hot water. Silver trimethylgallate is soluble in water and 
in alcohol. On regeneration by heating with hydrochloric acid, ether ex-
tracting and crystallising from water the residue from the ether there 
was obtained 0. 17 g, pure white veratric acid~ mp. 181 o C. The filtrate 
from the original precipitate and all filtrat~s on route were examined 
but no trimethylgallic acid could be detected. The original acidified 
water solution on ether extraction provided a small amount of viscous 
oil which decomposed when an attempt was made to distill it at low 
pressure. 
Q . FORMATION OF SUBSTANCE R (C27 H30 09) IN THE PERMANGA.-
NATE OXIDATION OF METHYLATED SUBSTANCE X-1. 
A mixture of 1 g. substance X-1 ~ 2 g. potassium permanganate, 
2 cc. 1N sodium hydroxide and 40 cc . water was refluxed one hour . The 
manganese dioxide was collected by filtration and treated with 1 N 
sodium hydroxide . The residue was extracted with acetone , The acetone 
solution was evaporated and the resulting solid crystallised from hot 
alcohol and triturated with ether . The product weighed 0. 03 g., was 
light yellow and insoluble in alkali. Mter drying two hours in a pistol 
at 125°C . it analyzed as follows~ 
c 65 . 05 
Found C 65. 27 
65 . 09 
H 6. 07 
H 6. 00 
6. 06 
MeO 31.6 
MeO 31.4 
The melting point of substance R was 169. 5-170. 50J C. 
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Ro REDUCTION EXPERIMENTS WITH SUBSTANCE A 
L RANEY NICKEL REDUCT!~ 
Substance A (10 go ) wa·s dissolved in :a>o cco alcohol and a 
suspension of 3 go ·Raney nickel in 50 ceo -alcohol was addedo The 
temperature-was· raised to· 195°Co and ·the· pressure to 3100 psL ··· The 
material was then· taken from the · hydrogenator ~ - reduced· in· volume · 
by vacuum ·evaporation and· pr·ecilpitated ·by pouring into ether. It was 
collected and washed ·wn.th ether~ · The solid weighed 3.0·g; and·was-
almpst ·black· in coloro ·The filtrate was evaporated to· dryness·~ the· 
residue boiled with ether; dissolved in acetone and precipitated with 
carbon tetrachloride giv~ng 4o0 go light brown product. This started to 
darken at 160°C.. · 
Analysis of the .latter gone ~ 
Calc. c31 H*'O'~ -00 5H~O 
c 63.4 
Found C 63 .6 
H 5.3 
H 5.5 
2." ALKALINE REDUCTION 
The fo~lowmg was refluxed for 48 hours ~ 
5 g. Substance A 
400 cc. 2N Sodium hydroxide 
100 cc. Toluene 
25 g. Zinc dust (acUvated by copper sulfate) 
The toluene layer contained nothing. The water layer was acid!fied 
and extracted with ethyl acetate and dried with calcium sulfateo It yield-
ed 3.0 go product which had no melUng point but decomposed on heating. 
Cal co C31 H28o 11- 0o5 H20 
-c 63 .6 H 5.0 
Fo und C 64o0 H ~00 Ash 0.6 
64.2 5.0 005 
Some transformation had occurred since it producted a dark 
precipntate with ferr ic chloride soluUon mstead of the usual green color 
given by substance A. · 
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3. ACID REDUCTION 
A solution of 3 g. substance A was heated just below the boiling 
point and 5g. sodium hydrosulfite was added. The temperature was main-
tained for three minutes 9 then charcoal and Celite were added 9 and the 
heating continued for one minute . The mixture was rapidly filtered while 
hot 9 and the filtrate was extracted once with ethyl acetate . The organic 
layer was dried with sodium sulfate 9 then filtered 9 and the filtrate evapo-
rated in vacuo on a s team bath. The r esidue was dried in vacuo at 100°C . 
for thirty minutes. The solid obtained was flesheolored ~nd weighed l. 5g. 
Calc . C31 H 28 0 11 L 5 H20 
c 61. 7 
Found C 61.9 
61.8 
H 5. 2 
H 5. 2 
5. 2 
MeO 3. 6 
3. 6 
The product failed to give a red-violet color in the sulfur test on sodium 
fusion and tre atm nt of the alkaline solution with sodium nitroprusside. 
The substance gave the same green color with ferric chloride s olution as 
the. starting material. On heating 9 some water appeared to be lost at a 
temperature of 160° C. and the substance slowly darkened as the tempera-
ture rose 9 but it had no melting point . There seems to be no simple 
explanation for the increase in methoxyl content. 
S. DEHYDROGENATION EXPERIMENTS 
L DEHYDROGENATION OF SUBSTANCE A. 
Three dehydrogenation experiments were carried _out as follows ~ 
a . 5 g. substance A was heated at 330°C. with 7 g. selenium for 
fifteen minutes. 
b . 3 g. substance A was heated at 260°C. with 3 g. selenium for 
five minutes. 
c . 3 g. substance A was he ated at 325°C. with 0. 3 g. palladium 
on charcoal (10%) for ten minutes . 
The mixtures carbonized and no pure substance could be isolated. 
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2. DEHYDROGENATION OF SUBS,TANCE MA. 
a . 1 g. substance MA was heated at 230°C. with 0.3 g. palladium 
on charcoal ~ (10%) for ten minutes. · · ·· · · · · ·· · · ·· · ·· · 
b. 1 g. substance MA was heated with 2 g ~ selenium for twelve 
minutes at 230°C. , then for 10 minutes at 290°C. 
In both experiments the starting material was recovered. 
T. BROMINATION OF METHYLATED SUBSTANCE MA 
A solution of 1 g. methylated derivative (MA) and 2 cc. bromine 
in 25 cc. glacial acetic acid was heated 15 minutes on a steam bath. 
It was cooled, diluted with water and the resulting precipitate collected 
by filtration and washed with water(. The solid was suspended in 
ethanol and triturated, After filtering the solid was dissolved in acetone 
and precipitated by pouring into ether~ Only a very smalr amount of 
precipitate appeared. The solution with the precipitate present '\\tas boiled 
with Celite and charcoal and then filtered~ Evaporation of the filtrate 
gave 0.5 g. red-brown solid. It had no melting point, was insoluble in 
methanol , ether , water and alkali , but ¥1ery soluble in acetone. 
c 44.93 
Found C 45.54 
45 .. 44 
H . 3.56 
H 3.52 
.:J-..,33 
Br 33 .22 MeO 16.12 . M.W. ;96;2.3 
Br 32.34 MeO 1.4 .. 88 
.3;2 .48 i&.th 
U, Rlj:A011ION OF SODAMIDE WITH SUBSTANCE A 
. . . ' 
Sodamide (t5g.) and 3 g. ,Substance A were carefully mixed in a 
pyrex glass evaPorating dish. The mixture was then heated with a flam&· 
until it began to react anci the heat was intermittently removed while the 
mixture sparked and inflamed at intervals. It was finally heated until 
it all became molten and was then allowed to cool. The mixture was 
cautiously decomposed with water and extracted with an equal parts by 
volume mixture of ether and benzene. The water layer was then extracted 
with equal parts of benzene and ethyl acetate witq the addition of a small 
amount of acetone and ethyl alcohol to break the foam. This solvent layer 
was evaporated to dryness taken up in me~ol, ·treated with charcoal and 
Celite , filtered, evaporated in vacuo to an oil , dissolved in hot water , a 
brown residue removed, the solution extracted with ether which provided 
a small amount of very viscous water soluble yellow oil. The water · 
·so~ution was evaporated to dryness , the residue dissolved in methanol, 
/ .. 
treated with charcoal~ evaporated to dryness~ heated with acetone 9 decanted 
and the solution evaporated, The residue was crystallised from aceton 
giving a white solid, It sintered at 127° C, and melted at l3o~c. 9 was 
water soluble 9 neutral, gave no color with ferric chloride nor with alkalL 
On heating it gave off ammonia, 
Calc. C 6 H22 0 6 N 11 
c 20.93 
Found C 20. 88 
20.93 
H 6.44 
H 6. 43 
6.37 
N 44.75 
N 45.05 
45.13 
The substance was dissolved in 50% acetic acid and mixed with an 
alcoholic solution of xanthydrol. After standing fifteen minutes at 
room temperature a crystalline precipitate appeared. After drying 
in a pistol at 125°C. it melted at 295-6°C. The dixanthydrol derivative 
of urea is reported to melt at 265°C. so the substance was not urea. 
V. EXPERIMENTS WITH BLACK WATTLE TANNIN 
L WATTLE PURIFICATION 
Dry African black wattle extract was purified by rotating the 
following overnight in a bottle: (Reference 39 9 Oct, 15 ~ 1947) 
60 g. Extract 
60 cc, Water 
30 cc . Alcohol 
90 cc. Acetone 
360 cc, Ethyl acetate 
The layers were separated and the solvent layer exaporated to dryness 
in vacuo on a water bath. The residue was ground. It weighed 28 g. It 
was mixed with methyl ethyl ketone at room temperature. A portion 
·dissolved. The undissolved part was collected by filtration and dissolved 
in hot methyl ethyl ketone. A small portion failed to dissolve. This was • 
filtered off. The filtrate was poured into ether with stirring. The 
precipitate which appeared was collected9 washed with ether and allowed to 
dry in air. The product was cream-white in color and weighed 18. 5 g. It 
was dried two hours in a pistol at l25°C . It started to darken atl85°C. but 
did not have a melting point. The product was not as pure as might be 
desired and no doubt further treatment would significantly reduce the 
methoxyl ~ontent. Due to lack of time it was used as prepared and found 
satisfactory for acetylation. 
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Found 
Analysis of the partially purified wattle: 
c 59 . 5 
c 59 . 9 
60. 1 
H 4. 8 
H 5. 2 
5. 1 
MeO 1. 2 
1.3 
2. ACETYLATION OF WATTLE 
The purified wattle extract was acetylated twice in precisely the 
same manner as the quebracho extract and purified with exactly the 
same solvents . Five grams of extract gave 2. 5 g . product. It 
sintered at 180°C . A third acetylation was performed by repeating the 
acetic anhydride treatment. One-half gram gave 0. 3 g. white product 
sintering at 165°C . but having no clear melting point . Rast molecular 
weight determinations gave a value of 926 . Some decomposition oc-
curred during the measurement as evidenced by a gradual darkening of 
the mixture . 
Found 
Calc . C30 H14 (0 Ac)12 
c 59 . 89 
c 59 . 90 
60 . 18 
H 4 , 65 
H 4, 48 
4 , 18 
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Ac 47 . 69 
Ac 47 , 35 
48 . 66 
M. W. 1083 
M. W. 926 
926 
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r 
THE NATURE OF 
A CONSTITUENT OF QUEBRACHO TANNIN 
Tanning is defined as a process of skin treatment whereby the 
hot water shrinkage point of the skin is raised~ the fibres of the skin 
substance are prevented from mutually adhering on drying, and the 
skin substance is protected from putrefaction under ordinary con-
ditions in air , 
There are various kinds of tanning processes such as vegetable 
tanning, chrome tanning 9 formaldehyde tanning, oil tanning and syn-
thetic tanning, In vegetable tanning the materials used for the actual 
preservation process are obtained from the bark or wood or other 
parts of various trees or plants , 
Vegetable tannins may be conveniently divided into three groups, 
The first of these is the class of depsides or gallotannins which are 
hydrolysable and yield gallic acid, The second group consists of 
hydrolysable tannins which yield ellagic acid, The third group con-
sists of non-hydrolysable tannins called phlobatannins, The latter 
yield red-colored insoluble products called "phlobaphenes'' on boil-
ing with acid, 
Catechin tannin is a phlobatannin and the structure of catechin 
is known, but not the structure of its tannin. The structure of no 
phlobatannin is known at present, Many have speculated as to their 
general structure on very slim evidence and some tannins have been 
synthesized which appear qualitatively similar to phlobatannins 9 but 
no real proof of structure has been forthcoming. 
This dissertation provides some new evidence concerning the 
structure of the important phlobatannin9 . quebracho. This tannin is 
obtained from the heartwood of the quebracho tree found in Argentina 
and Paraguay by extraction with hot water. Previous to the authorv s 
work the following were supposed to have been isolated from quebracho 
tannin: 
catechol 
phloroglucinol 
hydro quinone 
resorcinol 
protocatechuic acid 
fisetin 
gallic acid 
ellagic acid 
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styphnic acid (with nitric acid) 
3 9 5 dinitro 
29 4 dihydroxy benzoic acid 
(with nitric acid) 
The following molecular weights had been suggested for the tannin: 
1950 
1159 
2421 
Unfortunately the previous work was seldom preceded .by any vigorous 
effort at purification and the products isolated 9 if they actually were 
found~ may have come from differ ent components . The molecular 
weights were quite obviously determined on mixtures and hence had 
doubtful value . The best work involving a stUdy or' all the complex 
constituents of quebracho tannin is that of Theodore White . He em-
ployed solubility and chromatographic methods and showed the pres-
ence of numerous ultraviolet fluor escing components as well as other 
substances . In the pres ent work9 the author has endeavored to isolate 
a single pure component pres ent in sizable amount and obtain evidence 
'i which may eventually lead to determining its precise structure. 
Quebracho tannin was purified by solvent methods 9 by ion exchange 
resin and by adsorption or r eaction with calcium oxide . An attempt to 
determine the molecular weight by the isothermal distillation method 
.gave a constantly incr easing value . Rast method determinations gave 
222 or 317 depending on the method of pur ification. Dialysis showed 
that 64% passed thr ough a . 0012 inch cellophane membrane in one 
month hence the molecular weight of most of the material was of 
modest value . 
The purified tannin was methylated and analysis of the product 
indicated the following as its formula: 
The formula fo r quebracho was thus shown to be~ 
and this agreed with results on the purified tannin except that it con-
tained from one-half to three moles of water depending on the method 
of purification. Analysis by the Kuhn-Roth method indicated the pres-
ence of 0. 6 terminal methyl groups. Since this m ethod is not quan-
titative the r esult was taken as indicative of the presence of one term-
inal methyl group. 
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Alkaline fusion of the extract produced resorcinol which was 
identified as its dibenzoate , Alkaline fusion of the methylated 
derivative gave a small yield of the following: 
c 22 H15 0 4 (OCH3)5-0. 5 H20 
Permanganate oxidation of the methylated derivative produced: 
Veratric acid was also obtained but no trimethyl gallic acid could 
.be detected. 
Another alkaline fusion of the methylated material produced 
the following: 
and still another gave 
A dual acetylation was performed and the product obtained 
satisfied the following formula: 
This showed that either all the oxygen atoms were present ashy-
droxyl groups or in groups which were changed to hydroxyl under 
the conditions employed. This product was shown to be crystalline 
by its x-ray diagram , Both the methylated and acetylated deriva-
tives were optically active. The basic formula for the acetylated 
derivative was C31 H2a 
Deacetylation with potassium acetate left only three of the 
eleven acetyl groups. This pointed to the presence of eight phenolic 
and three non- phenolic hydroxyl groups , 
Nitration of quebracho extract gave a product of this composition: 
On methylation this gave a compound having this analysis: 
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Nitration of the previously methylated extract gave a different product 
which analysed as follows: 
The three compounds are in basic agreement as to over all structure 
for they may be considered to be derived from C17 H14 Oa. 
Nitration of quebracho extract under different conditions gave a 
substa,nce of this composition: · 
Hydrogenation at high and low pressure was investigated without 
obtaining any significant results . 
. Infra-red absorption spectra seemed to indicate the presence of 
some keto function. During the methylation process this greatly in-
creased in intensity but finally disappeared. 
In the ultraviolet the tannin absorbed at 279 mu. This became 
280 mu when methylated and may have been due to a ring ether linkage. 
The evidence was not sufficient to determine the position of all 
hydroxyl groups nor of the ring linkages nor of the terminal methyl 
group. Nevertheless, certain structural formulas were suggested as 
possibly being related to the actual structure. Two such structures 
were: 
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CH3 OH 
- OH 
HO 
It is possible that all phlobatannins may have essentially the 
same structure and any suggested formula would have greatly en-
hanced value if it could be used to interpret the structures of 
phlobatannins from other sources . In an addendum the author dis-
cusses the extension of Ms formula which can be used to explain 
the analytical results which have been reported by Roux and others 
on the structure of black wattle Tannin . Roux suggested C15 H13 06 
as the basis of a polymeric formula for wattle . By assuming the ab-
sence of an end methyl group as reported and the presence of one 
more hydroxyl group ~ since trimethyl gallic acid was found in the 
degradation products of the methylated wattle ~ the exactly related 
formula: 
C30 H26 012-0 . 5 H20 is obtained from C31 H28 011-0. ~ H20 
and is found to fit the analysis for the wattle and to provide the cor-
rect empirical formulas for the methylated and acetylated deriva-
tives . The dodecacetyl derivative of wattle was prepared by the 
present author . 
Throughout the work the Karl Fischer method for water de-
termination was found to be of inestimable value in the elucidation 
of empirical formulas . Such a method is absolutely necessary 
since the tannins and their derivatives contain either water of 
crystallisation or tightly bound water which cannot be removed 
but which can be measured by this method. 
The limitations imposed by analysis for carbon~ hydrogen, 
methoxyl (or acetylL molecular weight and water content are so 
great as to make it almost certain that if any formula can be 
found to fit all requirements ~ it must be the correct one ~ pro-
vided that the compound in question is pure and that the analyses 
are correct to the extent necessary to fix the formula. 
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